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THE EFFECT OF DESOXYCORTICOSTERONE AND PROPYLENE 
GLYCOL IN EXPERIMENTAL HYPERTENSION 
W. D. Davis, Jr., M.D.,* A. Secatorr, M.D.,*§ W. S. Jacoss, M.D.,* anp 
J. B. Cammanan,. VED. 
NEw ORLEANS, La. 


HE relationship of the products of the adrenal cortex to experimental hyper- 
tension has been receiving considerable attention in the literature.’* An 
increased sensitivity to desoxycorticosterone has been reported in both hyper- 
tensive animals and human beings within the past few years.°*! The present 


study was undertaken in an attempt to confirm this observation, 


PROCEDURE 


In the first group of experiments the immediate response of unanesthetized normal and 
hypertensive dogs to intravenous injections of propylene glycol and desoxycorticosterone 


acetate in propylene glycol or desoxyeorticosterone elueoside was determined. Mongrel 
dogs were trained for a sufticient time to assure basal blood pressure levels in the experi 
mental situation. Some of these were then made hypertensive either by the application of 
Goldblatt clamps to the renal arteries® or by perirenal silk wrappings. Blood pressures 
were determined by direct femoral puncture with a 1 inch, 20 gauge needle connected to a 
mercury manometer with 4 per cent sodium citrate as an anticoagulant. Injections were 
made through an indwelling needle in the large vein of the foreleg. Observations were con 
tinued for twenty minutes following the injection whenever possible and in each dog in 
jections of both propylene glycol and desoxycorticosterone acetate in propylene glycol were 
made on the same day. 

In a second group of experiments similar observations were made in normal and 
hypertensive animals anesthetized with pentobarbital sodium. Blood pressures in these in 
stances were recorded on a smoked drum kymograph by means of a carotid cannula and 
mercury manometer with 4 per cent sodium citrate as an anticoagulant. In this group 
twenty minutes were also allowed following injections of desoxycorticosterone, 

In a third group of experiments previously trained normal and hypertensive dogs in 
which the blood pressure had become stable were given daily subcutaneous injections of 


desoxycorticosterone in sesame oil. Blood pressures were taken two or three times weekly. 


Observations were made for experimental periods of six weeks each. Suecessive periods 
were observed in the same animals with varying doses of desoxycorticosterone and with 
the augmentation or restriction of the sodium chloride content of the diet. Low sodium 
diets were obtained by use of a solution of Lonalae as the sole article of food and hig! 


sodium intakes were secured by the addition of 10 Gm. of sodium chloride to the ordinary 


diet and the use of a 1 per cent solution of sodium chloride as drinking water, 


i] 


Presented before the twenty-second annual meeting of the Central Society for Clinical 
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RESULTS 

In the initial group of experiments the responses of five normal and three 
hypertensive dogs to intravenous injections of 2 ¢.c. of propylene glycol, 5 me. 
of desoxycorticosterone acetate in 2 e.ec. of propylene glycol, or 5 mg. of 
desoxycorticosterone oluecoside in water were determined. In all, twenty-six 
determinations were made. The intravenous injection of 2 ¢.c. of plain propy- 
lene glyeol invariably caused an immediate pressor response, usually about 
lb to 50 mm. Hg, which lasted for approximately three minutes (Table | 
This was not infrequently associated with some evidence of pain exhibited hy 
the animal. No additional effect was observed when 5 mg. of desoxycorti 
costerone acetate in propylene glycol was used and a much less noticeable 
response Was produced by the desoxyeorticosterone glucoside, 10 mm. He 
heing the maximum rise in blood pressure observed following its injection. 
There was no difference in the hlood pressure rise of the hvpertensive and 
normal dogs following injection ot any of the drugs. 
TABLE I. EFFECT OF PROPYLENE GLYCOL, DESOXYCORTICOSTERONE ACETATI \ PROPYLEN!I 


GLYCOL, AND DESOXYCORTICOSTERONE GLUCOSIDE ON 3L00D PRESSURE O UNANESTHETIZ! 
NORMAL AND HYPERTENSIVE DOGS 


DOG HYPERTENSION TEST MATERIA MM. Hg 
8] Yes » mg, DOCA in P.G, plus 15 
> mg. DOCA in P.G plus oO 
> mg. desoxveorticosterone plus 5 

elucoside | . 
2 ¢.e. propylene glycol plus 25 
2 ¢.c. propylene glyco plus 25 
= ‘, propylene glycol plus 30 
: propylene glycol plus 30 
7) No »9 mg. DOCA in P.G. plus 45 
5 mg. DOCA in P.G. plus 20 
) mg. desoxveorticosterone plus 10 

elucoside — 

2 ¢.c. propylene glycol plus 20 
2 propylene glycol plus 15 
2 e.e, propylene glycol plus 15 
2 ¢.c, propylene glycol plus 20 


In the second group of experiments the effects of these same drugs were 
determined in anesthetized normal and hypertensive dogs. In this group the 
rise in blood pressure following injection of plain propylene olyeo! tended to 
be less; nineteen of fifty normal dogs showed no response at all, the maximum 
rise was 20 mm. Hg (Fig. 1), and most responses were about 10 mm. He. Again 
there was no significant difference in response to plain propylene glycol and 
desoxycorticosterone in propylene glycol, twenty-five of the fifty normal dogs 
showing no response to the desoxyecorticosterone in propylene elyeol. In one 
of three hypertensive dogs studied while anesthetized a rise of 10 mm. He 
was produced by the injection of propylene glycol and a similar rise by the 
injection of 5 mg. of desoxycorticosterone acetate in propylene glycol. In the 
other two no effect on the blood pressure was noted from the injection of either 


of these materials (Fig. 2 
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In the third group of experiments the effect of repeated subeutaneous 
injections of desoxycorticosterone acetate in sesame oil was determined in 


four hypertensive and two normal dogs. Initial doses of desoxyecorticosterone 


acetate were approximately 0.15 mg. per kilogram of body weight per day 
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blood pressure of normal dog showing similar response to propyiene glyco 
(P.G.) and desoxycorticosterone (DOCA) in propylene glycol. 
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ig. 2.—Blood pressure tracing of hypertensive dog showing absence of pressor response to in- 
jection of propylene glycol (P.G.) and desoxycorticosterone (DOCA) 

nd these were subsequently increased in some instances to 1.28 mg. per kilo- 

zram of body weight per day. Again similar responses were obtained in the 


vpertensive and normal dogs. In nine of ten experimental periods of about 
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six weeks each there was a gradual rise in blood pressure to a level of 25 to 
00 mm. Hg above the control value followed by a gradual decrease to the 
normal level in about six weeks. In subsequent periods of observation with 
the same dogs, the same dose of desoxycorticosterone acetate as had been pre- 
viously used produced a smaller rise in blood pressure, whereas double the 
previous dose produced approximately the same rise in blood pressure as had 
been observed previously (Fig. 5). In none of the periods were there any 
significant differences in the blood pressure responses of the normal and hyper- 


tensive dogs (Table If. Does 71 and 734 
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Big } Blood pressure response of hypertensive dog to desoxycorticosterone (1.25 mg. per day) 
Regular kennel ljet 


In three of four experimental periods in hypertensive animals similar 
rises in blood pressure were obtained Iy the use ot high sodium intakes (Table 
Il, Dog 76). The rise in blood pressure Was shehtly less than that induced by 
lesoxyeorticosterone but it was of the same general nature. 

In single experimental periods in both hypertensive and normal dogs and 
ne nonhypertensive pregnant dog no response to desoxycorticosterone was 
‘tained when dietary sodium was restricted to less than 10 mg. a day (Table 
Il, Doe 


s 


3 
COMMENT 


The pressor effect of propylene olyveo! has also been noted by Jarpa and 


‘ who reported prolonged elevations in cats and rats. Since our 


ssoclates,} 
revious mention of this effect, it has been commented upon by Goldman and 
ssociates.’° It seems at least in part to be due to phlebalgia as evidenced by 
he manifestations of pain exhibited by the unanesthetized animals and the 
iminished blood pressure response noted in anesthetized animals. This is not 
he entire explanation, however, since the response persisted in a certain num- 
er of anesthetized animals. 

We were unable to demonstrate the immediate pressor response to intra- 
enous desoxycorticosterone acetate in hypertensive animals as reported by 


10 


thers,” 3 
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The mechanism of the increase in blood pressure as a result of continued 
administration of desoxycorticosterone acetate is not known. Apparent 
changes in blood volume have not been found to parallel the effects on the 
blood pressure in human beings by Perera and Blood," but retention of fluid 
and sodium has been shown to parallel elevation in blood pressure in patients 
with Addison’s disease treated with desoxyeorticosterone. That the rise in 
blood pressure is related to sodium retention is also suggested by the similar 
effect in a hypertensive dog of a foreed high sodium intake and by the elimina 


tion of the hypertensive response by restriction of sodium in the diet in both 


hypertensive and normal dogs. 


The resistance of both normal and hypertensive animals to the elevation 
of blood pressure by the administration of desoxycorticosterone is shown by 
the tendency of the blood pressure to return to the control level despite Con 
tinued administration of desoxyeorticosterone and by the necessity for much 
larger doses to re-elevate the blood pressure in dogs pre lOUSsI\ o1ven desoxy 
corticosterone acetate. 

CONCLUSIONS 


] 


Intravenous administration of propylene glycol has an immediate pressor 


effect in both norma! and hypertensive animals. This effeet is not completely 
abolished by anesthesia induced with pentobarbital sodium 

The intravenous administration of 5 mg. ot desoxyveorticosterone acetate 
in 2 ¢.c. of propylene glycol or 5 mg. of aqueous solution of desoxyeorticosterone 


olucoside produced no additional pressor effec 


Prolonged administration of desoxycorticosterone acetate subcutaneously 
produces poorly sustained hypertension in both normal and hypertensive ani 
mals which is mimicked by foreed administration ot sodium in hypertensive 
animals and abolished by rigid restriction of sodium in both normal and hyper 


tensive animals. 


Desoxycorticosterone was kindly furnished by Dr, E, Oppenheimer of the Ciba Pharm: 
ceutical Products Incorporated, and Lonalae by D1 


Johnson & Company. 
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THE EFFECTS OF POTASSIUM SALTS IN SUBJECTS WITH HEAR 
DISEASE 
Haroutp Brown, M.D... G. L. TANNER, A.B... ANp H. H. Hecut, M.D. 


Sautt LAKE City, UTAH 


ECENT reports on the effect of potassium in man have been largely con 
cerned with its use in the correction of states associated with potassium 
loss and with the recognition of the elinical.and « lectrocardiographie syndromes 
of hyper- and of hypokaliemia.* Little information is available, however, con 
cerning the fate of ingested potassium with the exception of its well-known 


toxicity in subjects with renal disease 


Much of the experience with potassium in man has been acquired with po 
tassium iodide treatment in syphilis, and with the use of potassium salts as 


diuretics. In the lioht ot this experience it has been stated that the body Can 
excrete large amounts of ingested potassium so rapidly that toxie levels can 
never be produced providing anuria is not present.*: 4 Llowever, earlier reports 
had indicated that potassium may produce a toxic action in patients with heart 
disease. 


4] 
ai 


The observations presented 1) 11S papel are eoncerned with the Serum 


potassium level, urinary electrolyte excretions, and certain associated events 


following the ingestion ot a standard dose Ol notassiun Salts 1 normal subjects 
and in patients with heart disease 
PROCEDURI 

lwenty-fo patients ingeste S i ! ning & G 2 eq notassi 
50 ml. of a mixture of 221 Gm of potassium citrate and 157 G of potassium chloride in 
1.000 ml. of water). Most of the atients were allowed to ve thei reakast since foo 
seemed to lessen the vastric irritation \ control blood sample v rawn and the bladder 
evacuated before the test was begun. \t one, two, three, four, six, and twenty-four hours 
blood samples were drawn, and the serum was separated within an hour. The sodium an 
potassium levels in the serum were determined with the Perkin-Elmer flaine photometer, using 
he lithium internal standard. In many instances the chloride and inorganic phosphorus 
levels were determined by conventional ethoads, Fractional urines were collected for twenty 
four hours, at four-hour intervals for the first welve ours, wit one additional collection 
it the end of the second twelve our period, The Irhhie ere analyz 1( the same ¢o1 
stituents as the serun 

In most patients s rial electrocardiograms including standard preeordial and limb leads 
were recorded before, during, and twenty-four hours after the administration of the salts. 

Three groups of patients were studied Table I). The first group of ‘*normal subjects?’ 
‘consisted of six patients of whom three had pavehoneuroti castromtestinal disturbances, one 
had severe psoriasis, one wes convalescing from pneumonia, and one had multiple sclerosis 


From the Department of Medicine, University of Utah, College of Medicine, The Veterans 
Administration Hospital and The Salt Lake County General Hospital 
Reviewed in the Veterans Administration and published with the approval of the Chief 


Medical Director. Statements and conclusions published by the authors are the result of thei: 
own studies and do not necessarily reflect the opinion or the policy of the Veterans Administr 
tion. 
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The second group numbered seven patients, all of whom had evidence of heart disease but at 
the time of the test were free from symptoms and signs of congestive failure. A third group 
of eleven patients suffered from heart disease with severe decompensation at the time of the 


test. One subject with primary adrenal insufficiency was studied for comparison, 


RESULTS 


Serum Levels of Potassium.—In most of the patients the serum level reached 
its peak at about two hours. There appeared to be a correlation between the 
height of the serum potassium level and the severity of the patient’s congestive 
failure. The average height to which the serum potassium level rose was 5.5 
meq. per liter in the normal patients, 6.0 meq. per liter in the patients with 
compensated heart disease, and 7.4 meq. per liter in the subjects with heart 
failure. In the patients with congestive failure the peak level was reached late) 
and remained high longer (Fig. 1). The peak of the serum potassium levels 
in the normal patients averaged 26 per cent S per cent)* above the basal 
level, whereas in the patients with compensated heart disease the rise was 48 


per cent (+10 per cent),* and in the congestive failure group the increase was 
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The serum level ot sodium, ehloride. and inorganic phosphorus showed ne 
consistent correlation with alterations in the potassium level. 

Urinary Exrcretion.—Although each patient was given 200 meq. of potas 
sium there was a wide range ‘n the amount exereted and in the rate of excretiot 
(Table I). In the twenty-four hours following the test dose of potassium, t! 
normal group exereted a larger amount of potassium in the urine, averaginy 
215 meq., than the patients with heart disease in failure, who excreted an ave! 
age of 152 meq. of potassium. Subjects with compensated heart disease excrete: 
167 meq. of potassium. Moreover, the normal subjects excreted the excess potas 
sium during the first four-hour period after ingestion (Fig. 5), while the patient 


*Standard deviation. 
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with decompensated heart disease excreted their excess potassium throughout 
the twenty-four-hour period. The low potassium clearance in subjects with con- 
gestive failure seems to be responsible for the excessive elevation of serum potas- 
sium. This may well be the consequence of the reduced renal blood flow and 
glomerular filtration which are characteristic of this state. 

In view of the traditional use of potassium salts as diuretic agents, it is 
interesting to note the effects of the large doses of potassium upon sodium ex- 
cretion. Again, wide variations were noted. However, on the whole the admin- 
istration of potassium salts seemed to bring about a sodium diuresis (Table I). 
In two patients, Patients 1 and 2 of the second group (Table I), although no 
demonstrable edema was present, there was a really impressive sodium diuresis. 
These two patients delivered 825 and SOS meq. of sodium in twenty-four hours 
with urine volumes of 2,690 ml. and 7,510 ml. In the cardiae failure group the 
average urinary sodium excretion was only 60 meq. per twenty-four hours. How- 
ever, most of these patients were on a low sodium diet. 

Klectrocardiographic Changes and Alterations in Rhythm.-—Recognizable 
alterations in the electrical response of the heart to the test dose were observed 
in all groups and will be the subject of a further report. In the normal group 
and in most subjects with compensated heart disease the alterations involved the 
process of recovery only, with changes in the shape of the T wave. An increased 
amplitude of this deflection was present in all semidireet leads and was asso- 
ciated with increased negativity of T in Vp. When the electrocardiogram pre- 
sented a juvenile pattern with biphasic or inverted T waves or where for other 
reasons inversion of the terminal portion of the T waves in right-sided chest 
leads was present in precordial leads, upright T waves were often induced during 
the height of the potassium effect (‘‘ paradoxical reversal’’). In three subjects 
vith advanced heart failure the same oral dose of potassium resulted in severe 

hanges involving both QRS complex and the T wave. These tracings were 
imilar to those published as characteristic of potassium intoxication in uremia.° 
lt was again noted that considerable variation in the electrocardiographie pattern 
‘curred with a given serum potassium level (Figs. 2A and 2B). 
The depressing effect of potassium on impulse conduction and, presumably, 
i the refractory period of auricular and ventricular muscle was characterized 
changes similar to those obtained during quinidine therapy. Prolongation 
A.V. conduction with partial and complete A.V. heart block were observed. 
0 consistent effect on the rate of auricular impulses in auricular fibrillation or 
itter was noted. In one patient, who had an unusually severe reaction to the 
gestion of potassium, the cardiac mechanism reverted from auricular fibrilla- 
on to normal sinus rhythm and remained so for several months. It is interest- 
g¢ to note that in this patient who had heen in chronic congestive failure from 
eumatic heart disease, congestive failure cleared almost completely in two 
eeks following his conversion to normal sinus rhythm. His electrocardiograms 
fore and after the potassium ingestion ean be seen in Fig. 3. It would be well 
state that such drastic therapy is not recommended for conversion of auricular 
rillation to normal sinus rhythm. 





510 BROWN, TANNER, AND HECHT 





Fig. 2A.—Lead II and Lead Vs of a 71-year-old subject with arteriosclerotic heart disease 
and congestive failure (Table I, group three, case 4). A rise in serum potassium level of 40 per 
cent caused only minor changes in the terminal segment of the T wave in Lead II and a para- 
doxical uprighting of T in Lead Vs. P-R and Q-T intervals increased slightly. Potassium levels 
in milliequivalents per liter. Time lines 0.02 second. 
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I, Vi, and Vs of a 51-year-old laborer with chronic obstructive emphysema, 
group three, case 6). Congestive 


Fig. 2B Lead 
cor pulmonale, and arteriosclerotic heart disease (Table TIT, 
failure was present. An 85 per cent rise in potassium was followed by complete A.V. block 


QRS complexes and T waves. The latter are only in 
part the result of changes in QRS. A\ithough the rise in potassium level of the serum was 
more than twice that of the previous case, the actual levels were similar to those obtained 
in the subject of Fig. 2A. Potassium levels in milliequivalents per liter. Time lines 0,02 second 


and gradually increasing changes in 
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General Reactions.—In the normal individuals the large dose of potassium 
which was administered seemed to produce little effect clinically although oeea- 
sionally there was nausea and diarrhea. In all probability these symptoms were 
in part due to the irritating effect of the hypertonic salt solution on the gastric 
mucosa, for frequently the patients had begun to feel better before the peak 


level in the serum had been reached. 





Fig. 3.—Conversion of auricular fibrillation to nofmal sinus rhythm during potassium 
intoxication. 1, February 7: Control record showing auricular fibrillation B, February 8: 
Normal sinus rhythm on day following administration of potassium. OC, February 17: Persist 


ence of normal sinus rhythm. All tracings are lead Vr. 


Almost all of the patients with serum potassium levels of 7.0 meq. per liter 
or higher complained of numbness and tingling of the extremities and of the 
cireumoral region, This phenomenon has been recorded previously’ ® *° and 
has been noted in patients with uremia in whom high serum potassium levels 
had been produced by the failure to excrete the endogenous potassium. These 
patients had low serum calcium levels as well, but the phenomenon in one patient 
was unaffected by intravenous calcium administration and cleared when the 


potassium level fell below 7.0 meq. per liter. 


In one patient (Fig. +) serum potassium levels following the ingestion of 
the test dose did not rise for at least three hours, and an increased output of 
Otassium in the urine did not oecur until the third urine collection in contrast 
to the normal peak serum levels and urinary exeretions during the first two hours 
Fie. 5). This situation appeared to be similar to that reported in dogs by 
Winkler, Hoff, and Smith.'’ They observed that following orally administered 
otassium solutions some animals developed pylorospasm, and the potassium 
olutions could be aspirated from the stomach several hours later. It is probable 
hat our patient developed pylorospasm and did not absorb the potassium solu 


ion until much later. 
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DELAYED ABSORPTION PHENOMENON 
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Fig. 4.—Delayed absorption phenomenon The serum potassium level do¢ not ri int 
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tion period. 

Fig. 5.—Normal potassium tolerance test. There is a rapid rise and fall in the serun 
potassium level with a markedly increased urinary excretion of potassium during the first 
collection period. There is an increase sodium excretion at the same time ’ the potassiun 
diuresis. 
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Results in Addison’s Disease.—In one patient with Addison’s disease there 


was a diminished tolerance for ingested potassium. His serum level rose to 
8.0 meq. per liter (Fig. 6). This is in agreement with other observations that 


patients with Addison's disease even when in good control cannot exerete in- 
ereased amounts of ingested potassium any faster than at the basal rate. From 
Fig. 6 it can be seen that despite a 100 per cent variation in the serum level the 
patient was unable to eause any significant increase in his rate of potassium 
excretion. It may be noted that this patient's electrolyte metabolism had been 


under e~9o0d control with added salt and desoxyvcorticosterone acetate. 


DISCUSSION 


It is apparent from these observations that patients with severe heart disease 
do not handle potassium in the same manner as normal subjects. Although 
potassium is readily absorbed from the gastrointestinal tract, as evidenced by 
the rise in the serum potassium level, patients with congestive failure cannot 
excrete the excess potassium as rapidly as normal individuals. On several ocea- 
sions the renal clearance of potassium at about the time of the peak serum level 
was determined and was found to be 50 to 60 ml. per minute in the normal 
group and only 5 to 15 ml. per minute in the congestive failure group. Thus 
the renal excretion of potassium appears to be somewhat analogous to that of 
sodium 

The implication of this work is that potassium salts given by mouth may 
I] produce toxic effeets in subjects with severe heart disease even though there 
is an adequate urinary output. This is contrary to the opinion expressed in a 
recent review’ that ‘‘it is difficult if not impossible to produce potassium poison- 
ing by oral administration except in patients with renal failure, shock or adrenal 
insufficiency.’* Henee potassium salts should be used with caution in subjects 
vith heart disease, particularly in view of the increasing recognition of the syn- 
lrome of hypokaliemia and the resulting therapeutic efforts. 

The renal mechanism for potassium conservation is probably a tubular one 
nd under endocrine control, but vet in one patient whose clinical adrenal in- 
sufficiency was corrected by DOCA, a marked inability to excrete an excess po- 
assilum load was manttest. Since we can presume that the potassium delivered 
o the tubules was markedly increased with the 100 per cent rise in the serum 
otassium level, the potassium reabsorption by the tubules must have increased 
s well 

CONCLUSIONS 

Ingestion of S (im. of potassium ion by patients with heart disease may 

roduece dangerously high serum levels despite an adequate urine volume. Po 


issium salts should be used with caution in patients with decompensated heart 
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THE SIGNIFICANCE OF DECREASED DYE CLEARANCE BY THE 
LIVER FOLLOWING PORTACAVAL ANASTOMOSIS 
JOHN F. Laws, M.D., AND TILDEN C. Everson, M.D., PH.D. 


CHICAGO, Ent. 


I psig hepatie clearance of dves such as bromsulfalein and rose 
hengal is generally accepted as evidence of hepatocellular damage. Re- 
cently, decreased clearance ot rose bengal] has been reported following the 
eonstruction ot kek fistulas in experimental animals. Also decreased elear- 
ance of bromsulfalein has been noted in some patients following portacaval 


anastomosis. In view o 


‘the present utilization of the procedure of portacaval 
} | 


anastomosis in the sureleal treatment ot portal hvperte nsion, it would appear 


Important to establish elearly the significance of decreased hepatie dye clear 
nee following this procedure, It is not elear whethet the deerease in dve 


clearance observed i 


such instanees is a result of actual hepatie cell damage 


or more correctly represents some othe) faetor, namely diminished hepatic 


blood flow. 


EXPERIMENTAL PROCEDURI 
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DISCUSSION AND RESULTS 


In the early dye clearance studies, blood samples were obtained over a 
eriod of thirty minutes at each test since we were interested in determining 
what time after injection of the dve changes in clearance become apparent 
i Eck fistula animals as compared with the normal animal. 
hie, l illustrates the difference in removal ot rose hengal by the liver 
a normal dog (solid line) and by the liver of the same dog one week after 
ie creation of an Eek fistula broken line). It can be seen that a difference 
From the Department of Surgery, University of Illinois, College of Medicine 
Received for publication, Dec. 18, 1950. 
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between 
injection of the dye. 


plasma of the normal! 


mains in the plasma of 





the two curves is first 
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detectible at two to three minutes after the 
Thirty minutes after injection no dye is detectible in the 
animal. However, a significant amount of dye still re 


the Eek fistula animal after thirty minutes 
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As it is difficult to 
the curves to straight 


concentration of dye a 


with the equation for the reetified curve is illustrated in Fig. 2 


Compare CUrVeS Of this form Statistically. conversion of 


lines Was performed 


\ plotting the logarithm of the 


vainst time after injection. Such a conversion together 


g. 2. By appropri 
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ate substitution of natural logarithms, the relative rate of clearance of dye by 
the liver can be obtained. This value, the relative rate of clearance, was eal- 
culated for each clearance test so that a clearer picture of the changes in dye 
clearance by the liver could be obtained. Since the linear relationship be- 
tween logarithmic concentration and time after injection exists between two 
minutes and twenty minutes, blood samples were later taken only at two and 
eight minutes. 

The typical changes in hepatic dye clearance noted in this study are illus- 
trated for one animal in Fig. 3. These same changes were noted in all ten 
animals studied. Test I was obtained initially with the portal vein clamped 
and all of the portal blood shunted into the vena cava. This rate of dye clear- 
ance was significantly below normal and by about the same degree as noted 


bv Freeman. 
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Thirty minutes later after the clamp had been removed trom the portal 
i and the shunt oceluded, thereby allowing the portal blood to flow to the 


ver through the portal vein, the dye clearance test was repeated and a nor- 


ell 


ial rate of dye clearance was observed. This return to a normal rate of 
epatic dye clearance from a significantly reduced rate of clearance was ef- 
ected by only re-establishing the normal route for portal blood to the liver. 
onsequently, this would seem to indicate that hepatie cell damage is not the 
robable explanation for the diminished dye clearance of Test I, for sueh an 
terpretation would imply almost instantaneous complete recovery of rather 
verely damaged liver cells between Tests I and II. Test II] was performed 
ree weeks after operation. At this time the animal had lost almost 20 per 
nt of his initial weight and appeared emaciated and malnourished. The 


enificant point is the similarity between the initial dye clearance with the 
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portal vein clamped and the shunt open and the dye clearance three weeks 
after the construction of the portacaval shunt. In fact, the rate of dye clear 
ance three weeks after the operation was statistically no different from the 
clearance obtained in Test 1. Sinee Test Il is evidence that the decreased dye 
clearance of Test I is due only to diversion of portal blood flow rather than 
to actual] liver eel] damage, it seelns probable that the reduction in clearance 
obtained by Test III can be attributed to the same mechanism and_ that 
hepatocellular damage has not occurred as a result of the portacaval shunt in 
asmuch as there is no further decrease in dve clearance, Thus it would appeal 


that the dve elearanee is diminished from normal in both Test IT and Test IT] 


only because there IS less dve avallable to the liver cells for removal per Unit 
ot time. Test ll. in which blood flows normally through the portal vein. is 
evidence that it the dve is allowed to reach the liver cells through the normal 
pathway, the dve will be removed at a normal rate 


1° 


Table | presents the Individual dve clearance rates for the three tests in 


the ten animals studied since we are Interested in the difference in Gleat 
anee rates In the same animal from test to test e relative } e of dve ¢leat 
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The results of the statististica] analysis of the diffe 
presented in Table 11. The difference In ave Glearance rates hetween Test | 
with the shunt open and Test Il with the shunt closed and the portal vell 


open Is statistically vers high \ significant the probabil V Oot SUCH a differences 


being due entirely to Chance iS {eSS than | in) 100 The difference between dye 
clearance rates obtained in Test | and Test 111 which Was performed thre 


weeks later is not statistically slonificant 


TABLE IT. STATISTICAL SIGNIFICANCE OF THE Dit ENCE ID | RELA E RATES oF Dy 
¢ ( 
SHUNT CLOSED VS. SHUNT OPEN SHUNT AT SURGERY VS. 3 WK. LATER 
Mean diff. 0.0786 Meant dift 0.0073 
SX 0.00696 SX ,O064 


t 11.4 p 0.01 t li Pp 0.3 
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SUMMARY AND CONCLUSION 


Hepatic clearance of rose bengal dye has been studied following porta- 
caval anastomosis in ten experimental animals. The decreased hepatic dye 
clearance noted following experimental portacaval shunt does not appear to 
be an indication of liver cell damage or dysfunction per se. On the contrary, 
it seems probable that the reduction in clearance is more directly a function of 
the decreased hepatic blood flow per unit of time, thereby making available 


less dye to the liver cells for removal per unit of time. 


REFERENCES 


1. Blakemore, A. H.: Indications for Portacaval Anastomosis, Analvsis of Cases, Surg., 
Gvnec. & Obst. 84: 645, 1947. 
¥. Freeman, S.: Effect of Eck Fistula Formation, Sin ple Portal Obstruction and ‘‘ Meat 
Intoxieation’’ on Serum Phosphatase and l)ve Clearance of Adult Dogs, AR ds 
Physiol. 159: 351, 1949. 
‘reeman, S.: Studies on Eck Fistulas in Dogs, a Simple Technique for the Prepara 
tion of a Portacaval Anastomosis With the Aid of a Clan p, Surg., Gynec. & Obst. 
87: f = LQ4S8 
1, Houg Vie ae ’ KFreema Ss Effect of Low Prote Diet he Funetion of the 
Dog’s Live \ 1. Physiol. 188: 184, 1942 
Snede I (y \\ Statistica Methods, ed. 4, Ames, wa, 1937. lowa State College 





SERUM ALKALINE PHOSPHATASE IN DOGS FOLLOWING 
LIGATION OF THE HEPATIC VEINS 
JAMES MirHorrer, M.D., ANd S. Raprovort, M.D 
CINCINNATI, OHIO 


T IS well recognized that the serum alkaline phosphatase of man and a 


IS increased In certain Tvpes of] hepatie dy stunection hy IS aberration 


so regularly in subjects with obstruction Ol the majo. hile duets ha 


been assumed to be the result of retention in the blood ef the enzyme no 
formed in the bones and elsewhere and excreted by the liver. {comp 


perimental occlusion of the common bile duet is reflected in the se 
parallel increases in the alkaline phosphatase activity and _ bili 
ports of eclinieal observations have failed to demonstrate a close relatio 
between the degree of bilirubinemia and the increased phosphatase acti 


Indeed, elevation of the serum alkaline phosphatase has been observed 


1s]: | 42 | : +} YeTS] 
there was no apparent biliary tract obstruction following partial excisio 
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mediate mortality rate of the animals was extremely high. When a small tributary was 
interrupted the animals appeared undisturbed, but the increase in phosphatase activity 


Was much less pronounced. 


Three dogs were subjected to primary excision of the two most lateral lobes of the 


} 


iver and three others had the involved lobes excised some days atter the hepatie veins 


had heen yated, 


Samples of venous blood were obtained at intervals from eaeh dog. Kach sample 


was centrifuged within an hour and the serum was preserved at —20° C. for a variable 


period of time up to fourteen davs before the determinations were made, Serum alkaline 
11 ospl atuase vas determined esse tially after the n ethod of Bo lanskv. ‘ Random samples 
ot the serun oft severa of the aogs were examined at the height oft the phosphatase 
activity for ¢ lenee of bilirubinemia by the method of Mallov and Evelvn'!7 and evidence 
of disturbed liver function which would be shown by an abnormality of the bromsulfalein 
exe t 7 
‘he same values for normal alkaline phosphatase activity of the serum of adult dogs 
s given by Bodansky, that is 1.5 + 0.5 Bodansky units,!® were found in the present study 
by rentiv norma logs and on several of the experimental anin als before operation. 


RESULTS 


Following ligation of one or more tributaries of the hepatie vein, signifi- 
cant elevation of the serum alkaline phosphatase occurred regularly. The 
increased phosphatase activity was demonstrable within five hours of ligation 
of the vein and generally reached its peak within forty-eight hours. <Ab- 
normally high activity was maintained for as long as twenty-eight days, the 
longest pe riod of observation. These results are shown eraphically in Fig. 1. 

The effeet of excision of two lobes of the liver on the phosphatase activity 
of the serum is shown in Table I. It is apparent that a slight but definite rise 
in the serum alkaline phosphatase activity could be demonstrated following 


vartial excision of the liver. 
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The normal phosphatase leve was 1.5+0.5 Bodansky units 


The result of excision of the two lobes of the liver several days after hea 
on of the hepatie veins is shown in Table Il. It seems clear that when the 
erum alkaline phosphatase is elevated by ligation of the tributaries of the 
epatie vein, ho abrupt change OCCULS when the liver substance drained by 


nose veins is excised, 
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Hours post operative: 5-8 24-48 72-120 144-192 216-288 312-480 
Number of observations’ 7 12 9 5 3 3 
over-all height of the columns indicates the range of the values observed and the 
crossbars the means. Fourteen dogs were used in making these observations. 


EFFECT ON SERUM ALKALINE PHOSPHATASE OF EXCISION OF INVOLVED LIVER 
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Histologic study of the livers of the animals using Gomori’s phosphatase 
stain showed no significant difference in staining of the involved lobes of the 
liver as contrasted with the normal liver except in one animal in which there 
was frank necrosis of part of the involved lobes; no phosphatase activity was 
demonstrated in the necrotic area. It is of interest in view of the work of 
Oppenheimer and Flock® to note that there was no evidence of regeneration of 
liver tissue associated with the increased phosphatase activity of the serum. 
The serum bilirubin concentration and the rate of bromsulfalein excre- 
tion were studied in five of the dogs at the height of their phosphatase activity. 
In no instance was there significant retention of bromsulfalein nor was there 
an abnormal coneentration of serum bilirubin. 
DISCUSSION 
From the studies it appears that ligation of tributaries of the hepatic vein 
of dogs is followed by an increase in the alkaline phosphatase activity of the 
serum. This evidence confirms reports which indicate that various types of 
noxious stimuli are apt to provoke increased phosphatase activity of the serum 
and that such increased activity bears no specific relation to bile duct obstrue- 
tion, or to the excretory function of the liver, nor is it dependent on regenera- 
tion of the hepatic cell. These data do not offer decisive evidence for any par- 
ticular mechanism of this response. It seems safe to assume that the increase 
in the serum phosphatase activity is due to a change in the function of the 
liver produced by ligation of hepatie veins. That ligation of a vein is not a 
specific stimulus is indicated by the fact that many other conditions may pro- 
voke a similar response!” and by our observation that a slight but definite rise 
follows excision of something less than half of the liver substanee. If we 
assume that the phosphatase increment originates in the liver, it follows that 
it must arise from either (1) the normal liver tissue, (2) the damaged liver, or 
(3) the liver as a whole. By excision of the damaged liver we have been able 
to show that the abnormal liver is not per se responsible for the change in the 
serum. If it were pouring out phosphatase, so to speak, one would expect the 
phosphatase level of the serum to return to normal rather promptly after the 
damaged segment had been removed. If the damaged lobes of the liver were 
not involved in the increased phosphatase activity in any other way than pas- 
sively to supply a stimulus, we should expect to find more of the enzyme in 
the normal lobes than in the damaged ones. Our histologie studies have not 
hown this to be the case, as the phosphatase was about equally distributed 
etween the two parts of the liver except in areas of frank necrosis. We are 
ware that the histologic techniques may not be sensitive enough to demon- 
rate important minor differences. It appears, therefore, that when one 
images two lobes of the liver by the ligation of tributaries of the hepatie 
ein, something happens to the entire organ which is reflected in an inerease 
the serum alkaline phosphatase activity. 
The next question that comes to mind is whether the increase in the serum 
iosphatase is a result of failure of the liver cells to excrete the enzyme into 
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the bile or whether it is caused by an increased production ot the enzyme by 


the liver cells themselves. We have indirect evidence from the results of liver 


function tests that the excretory funetions of the liver are not impaired, at 


least as far as the exeretion of bilirubin and bromsulfalein is concerned. It 


would be of interest to know how much aikaline phosphatase was excreted in 


the 


bile under the conditions of the experiment. This observation has not 


heen made. 


SUMMARY 


Determinations of serum alkaline phosphatase activity of dogs were made 


following ligation of tributaries of the hepatic vein, a procedure which was 


regularly followed by an increase in the serum alkaline phosphatase. In these 


animals no evidence of bilirubinemia or of impaired excretory funetion of the 


liver was found. It was observed that there was no abrupt change in the 


phosphatase activity of the serum after excision of the lobes drained by the 


ligated veins. As determined by histochemical techniques there was no ap- 


parent difference in the phosphatase content of the various parts of the liver. 


Further histologic study showed no regeneration of the hepatie parenchyma. 


It is coneluded that when the hepatie veins are ligated the function of the 


entire liver is altered so as to produce an increase in the serum alkaline phos- 


phatase activity. There is indirect evidence to indicate that such increase is 


caused by oversecretion of the enzyme by hepatie substance, rather than failure 


of the liver to exerete the phosphatase delivered to it. 


Ls 
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ALKALINE PHOSPHATASE OF CELL NUCLEI 





GEORGE Gomori. M.D. 
CHICAGO, ILL. 


A LARGE number of reports have been published on the histochemical 
demonstration of alkaline phosphatase in cell nuclei. Theories have been 
advanced as to the role of the enzyme in nucleoprotein metabolism.’"* Some 
Investigators have reported positive reactions in nuclei obtained under non- 
optimal conditions (low pH values) and/or prolonged ineubation (twelve 
hours or longer). The danger of artifacts under such conditions, arising 
from the selective adsorption of Ca phosphate from a supersaturated solution, 


11 


has been emphasized.” *'° 1! The usual result is a widespread nonenzymatic 
staining of nuclei and of some other structures practically all over the slide. 
However, diffusion artifacts of a more localized nature (around centers of 
high activity) can be demonstrated even in the optimal pH range and after 
incubation times not exceeding three hours.'* '* "4 


EXPERIMENTAL 


In the course of attempts at improving the Menten-Junge-Green naphthol 
ester technique'’® '° for alkaline phosphatase, a method was devised which 
vields sharp pictures with a minimum of background staining. The method 
is as follows. Incubate paraffin sections (without collodion protection) at a tem- 
perature not exceeding 20° C. in a mixture consisting of 0.002 to 0.005 M 
(0.05 to 0.1 per cent) solution of disodium-ae-naphthyl phosphate,* 40 ml.; 5 
per cent solution of borax (Na.B,O;-1011,0), 10 ml.; 0.5 M solution of MgCl,, a 
few drops; add about 20 to 40 mg. of either diazotized a-naphthylamine* or 
diazotized 4-henzoylamino-2,5-dimethoxyanilinet or tetrazotized dianisidine 
or diazotized 4-Cl-2-aminoanisole.§ 

Stir the mixture and filter it into a Coplin jar. Sites of alkaline phos- 
phatase activity start to show up in black (first three diazonium compounds) 
or a reddish brown (last diazonium compound) shade within a few minutes; 
the reaction is completed in fifteen to sixty minutes, depending on the intensity 
of shade desired. During incubation the mixtures will turn increasingly dark 
and turbid; they should be renewed about every fifteen to twenty minutes to 
avoid a dark background. After the reaction is completed, the sections are 
counterstained (with alum carmine in the case of a black shade; with 
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hematoxylin in the case of a red-brown one) and rinsed in 80 per cent alcoho! 
containing | per cent HCl. This treatment will remove most of the yellowish 
or light brownish background. In case the diazonium compound used is that 
of dianisidine, the sections can be dehydrated in aleohol and mounted in bal- 
sam; otherwise, they must be mounted in a nonlipid solvent medium. 

The pictures obtained are extremely sharp, except for oceasional indieca- 
tions of diffusion around sites of very high activity (villi of small intestine), 
without, however, any trace of a selective adsorption to any structures. It 
appears that the production of naphthol at such sites is so fast that azo- 
coupling cannot keep pace with it. 

It was also attempted to use B-naphthylphosphate as a substrate as pro- 
posed by other workers’ ' !7 because of the brilliance of shades it gives on 
azo-coupling; however, blurring of the picture owing to diffusion of the dye 
precludes the use of this substrate in studies of localization on a cytologie seale 
although it is usable for purposes of gross orientation. 

When pictures obtained with the azo-dye method were compared with 
those obtained by the original Ca-CoS method, it was found that the loealiza- 
tion of enzymatic activity as shown by the two methods was identical except 
for one conspicuous difference; with the azo-dye method nuclei never showed 
any trace of reaction, whereas with the CoS method nuclei in the immediate 
neighborhood of centers of high activity were intensely stained. Another dif- 





ference in the staining of brain tissue will be mentioned later. Lack of nuclear 
staining is not specifically mentioned by any of the previous workers except 
Loveless and Danielli!® who, however, did obtain nuclear staining by using a 
special substrate. The significance of this latter observation is not clear. Very 
recently, Yokoyama, Stowell, and Tsuboi’® reported ‘‘very litttle’’ staining 
of nuelei by the azo-dye method. 

These findings gave an impetus to the study of the role of diffusion and 
of secondary adsorption in nuclear staining as seen with the CoS method. The 
simplest means to influence the solubility of Ca phosphate, while maintaining 
the optimal pH of about 9.3, is varying the concentration of Ca** ions. Serial 
sections of a block containing ten different tissues were incubated in a mixture 
containing 0.01M glycerophosphate and 0.005M MgCl, in a 0.05M 2-amino-2- 
nethyl-1,3-propanediol buffer? of pH 9.3 to which varying amounts of CaCl. 

0.004 to 0.1M) were added. It was found that, in the case of incubation times 
iot exceeding two to two and one-half hours, no nuclear staining whatsoever 


vas obtained in any of the tissues at Ca** ion concentrations exceeding 0.04M. 
\t lower Ca** ion concentrations nuclear staining became more and more ap- 
: irent and was quite strong at a concentration of 0.008M or less. With in- 
reasing length of incubation some nuclear staining was obtained even at high 
a concentrations, and the intensity of this staining was inversely proportional 
(a concentration. Also, thick sections (8 to 10 ~) showed considerably more 
iclear staining than thin ones (3 »). When naphthylphosphate was used in 





CoS technique, the same nuclear staining was obtained as seen when the 
bstrate was glycerophosphate, thus showing that lack of nuclear staining 
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in the azo-dye technique was not due to the naphthylphosphate substrate as 
such. It should be mentioned here that long incubation times resulted in the 
staining of nuclei not only in the vicinity of centers of high activity but also 
in some areas where activity was feeble: (lvmphoeytes at the periphery of fol- 
licles in lymph nodes of the mouse); however, this staining was quite light 


even atter an incubation of fifteen hours. 





Fig. 1.—Column 1, Kidney of the mouse. Column 2, Duodenum of the mouse. Column 
Malpighian follicle in the spleen of the rabbit. Row A, CoS method; Ca concentration, 0.005M ; 
incubation time, one and one-half hours. Row B, CoS method: Ca concentration, 0.04M; 
incubation time, three hours. Row C, Azo-dye method; incubation time, one hour. Conspicuous 
staining of nuclei in Row A; minimal staining in Row B; no staining in Row C. 


DISCUSSION 

There can be little doubt that nuclear staining in areas of high activity 
is an artifact *'* *'** due to the secondary adsorption of Ca phosphate, at 
least in part. The question is, how to interpret nuclear staining in areas of 
low activity, such as observed, for instance, in tissue cultures.2*?*7 The dif- 
fusion of the enzyme, using the regular method on paraffin sections, protected 
with collodion, is very unlikely.° However, tissue cultures are often fixed fo 
a very short time and stained without embedding. Short fixation in alcoho! 
will not render phosphatase irreversibly insoluble; in facet, aleohol precipita 
tion is often used for the purification of soluble phosphatase preparations. It 
is conceivable that from such poorly fixed specimens the enzyme may leach 








a 




















































ALKALINE PHOSPHATASE OF CELL NUCLEI 529 


out into the medium, hydrolyze the substrate, causing its gradual supersatura- 
tion in respeet to Ca phosphate. This salt then may become selectively ad- 
sorbed on nuclear and other structures. 

It appears possible that the rare instances of nuclear staining obtained 
within a few hours and under optimal conditions in areas devoid of, or very 


low in, enzymatic activity***? are due to a nucler phosphatase, although such 
results should always be checked by the azo-dye method or by the CoS method, 
using at least 0.04 to 0.05M Ca in the ineubating medium. The latter method 
must be resorted to whenever enzymes acting on special substrates other than 
naphthylphosphate are to be investigated. 

Nuclear staining obtained after long periods of incubation, even in the 
presence of high Ca concentrations, is not likely to be due to a genuine nuclear 
enzyme. The azo-dye method is not suitable for studies on the effect of greatly 
prolonged incubation, owing to the progressive and irreversible darkening of 
the background; however, slides which were incubated for as long as six 
hours still showed no trace of nuclear staining. In some areas of low activity 
(in lymphatie tissue) where the CoS technique gave a moderately positive 
nuclear reaction after long incubation, the azo-dye method showed a definite 
reaction in the rim of cytoplasm, the nuclei themselves being entirely un- 
stained. This lack of nuclear staining cannot be due to a specifie inhibitory 
effect of the diazonium salt on nuclear phosphatase. Diazonium salts, in the 
concentration used, do inhibit alkaline phosphatase to some extent (about 
50 per cent or less, as demonstrated by the Coujard experiment**) ; however, 
no specific inhibition of the nuclear staining was observed when diazonium 
salts were added to the buffered glycerophosphate-Ca mixture, and the color 
was developed according to the CoS technique. On the other hand, diazonium 
salts caused a marked specific inhibition of the staining of brain tissue, with 
both glycerophosphate (CoS technique) and naphthylphosphate (azo-dye tech- 
nique) as substrates. The nature of this inhibition was not further investi- 
gated. 

It should be mentioned that chemical assay of isolated cell nuelei for 
alkaline phosphatase has yielded conflicting results.’* * 

The limits of sensitivity of any histochemical method for enzymes depend 
on a number of factors, among which the rate of liberation of split products, 
the promptness of their precipitation by suitable reagents, and the solubility 
of this latter precipitate are especially important.** Unless the rates of libera- 
tion and/or precipitation exceed that of diffusion by a sufficient margin, the 
solubility product will not be attained locally, and no precipitate will form 
at the site of enzymatie activity. The immediate neighborhood of such sub- 
threshold areas will be bathed in a relatively concentrated solution of the re- 
aetion product. The latter may be adsorbed on various structures, thus pro- 
lueing false secondary localizations. The less soluble the reaction product, 
the less likely it is to give rise to such artifacts. Ca phosphate is measurably 
oluble even at pH 9, while the azo dyes formed from a-naphthol and the 
liazonium compounds mentioned are utterly insoluble. If azo-coupling is per- 
‘ormed in an aqueous medium and the mixture is centrifuged, the supernatant 
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of the jet black or deep-red precipitate does not show the slightest tinge of 
color beyond the original shade of the diazonium compound, With other 
azo dyes the situation may be different ; some derivatives of B-naphthol appear 
to remain in a colloidal solution long enough to stain certain structures around 
centers of high activity.’ 

In spite of its shortcoming of occasionally producing artifacts, the CoS 
technique for alkaline phosphatase can safely be used as a simple and reliable 
method, provided the pH and the Ca concentration in the incubating mixture 
are kept high enough (at least 9.2 and 0.04M respectively). Even under such 





optimal conditions the principles laid down by Danielli’® should be remem- 
bered: only such localizations as can be demonstrated after a short ineubation 
ean be accepted as genuine; prolonged incubation is likely to produce arti- 
facts. 

SUMMARY 


Positive histochemical reactions for alkaline phosphatase in cell nuclei 
are artifacts in most, if not all, cases; they are due to the secondary adsorption 
of Ca phosphate from the incubating medium. Azo-dye methods, based on the 
demonstration of naphthol liberated from naphthylphosphate, do not show any 
alkaline phosphatase activity in cell nuclei. 
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SERUM LIPID AND PROTEIN FRACTIONS 


Il]. DISEASES OF THE MESENCHYME 


IRVING LEINWAND, M.D. 
New York, N. Y. 


INCE the pioneer work of Tiselius' in 1937, many publications have ap 

peared concerning the changes in human serum protein patterns. These 
were made chiefly with an effort toward aiding in the diagnosis of various 
diseases. In general, the electrophoretic method has not yet proved much 
more advantageous than the Howe fractionation in demonstrating changes 
occurring with any specific disease or clinical symptom. There have been a 
few reports on rheumatie fever,?® disseminated lupus erythematosus,” ° ar- 
thritis,” *° and scleroderma.’ Recently these diseases have been grouped to- 
gether as diseases of the mesenchyme. The appearance of new forms of treat- 
ment has focused new attention upon the more uncommon diseases of the 
mesenchyme since their relationship to the more common rheumatic diseases 
has been emphasized. It was hoped that a study of the lipid and protein frae- 
tions of the various members of this group of diseases might clarify their rela- 
tionship and provide some means for further amplification. 


MATERIAL AND METHODS 


The patients presented were seen in the New York University Hospital and its clinics 
or in private practice. The blood specimens were drawn in the morning after about ten 
hours of fasting since this appears to be the most opportune time for a constant level of 
the lipids. The electrophoresis was done at a pH of 7.4 in a phosphate buffer of 0.02M 
with respect to the sodium phosphate and 0.15M with respect to the sodium chloride. Pat 
terns were done before and after ether extractions. The lipids were determined on sepa 
rate specimens. The total lipids and fatty acids were done after the method of Bloor.1 
The total cholesterol was done with a modification!s of the Sackett!4 method, the lipid 
phosphorus after Whitehorn.15 Occasionally there was not enough serum obtained for all 
the fractions. The protein fractions are given ir 


percentages of the total pattern area. 
The total pattern area is calculated in planimeter units. The lipids and cholesterol are 


given in milligrams per 100 ¢.c. of blood. 
RESULTS 

Table I summarizes the findings in six patients with rheumatoid arthritis. 
The albumin is only slightly decreased. The beta globulin is slightly elevated, 
hut decreases markedly after ether extraction. The gamma globulin is markedly 
elevated, but decreases slightly after ether extraction. The alpha globulin is 
approximately normal. 
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PATIENT 
D. B. 
(obese) 


J. Bs 


M. G. 


Meat 


ALBU- 
MIN 
62.5 
64.4 
64.0 
77.6 
65.0 
70. 
50. 
5S: 
53.4 
64.1 
56.8 
63.6 
59.0 
66.4 


Ct He He bO 


SERUM 


ALPHA 


LIPID 


TABLE I. 


GLOBULIN 
BETA 
16. 
13. 
15. 

8. 
14. 
9.6 
17.0 
14.4 
17.0 
8.2 

19.8 

11.9 

16.9 

10.9 


> Cbs“ OG 


—, am 


AND 


RHEUMATOID 


| GAMMA 


3.5 
3.0 
8 


9 
vo 


] 
li 
li 
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9 GOW 


2.6 
9 


a 
0 


i 
) 


he GO bo 


9% 
DA 
16.( 
15.8 
16.2 
'.2 


PATTERN 


PROTEIN 


TOTAL 


AREA 
678 
605 
594 
540 
684 
640 
659 
209 
680 
624 
738 
531 
672 


Kor 


Jan 


AR’ 


FRACTIONS 


THRITIS 


TOTAL 

LIPIDS 
819 
677 


519 


FATTY 

ACIDS 
563 
474 
174 


wll 


LIPID 
PHOS- 


PHORUS 


10.2. 


9.1 
10.1 


9.6 


4 





533 


TOTAL 


CHOLES 


TEROI 


256 
203 
305 
29492 
240 


192 


Table II gives the findings on six patients with rheumatic fever. The albu- 


min is slightly decreased. The alpha globulin is moderately decreased. The beta 


globulin is about normal and decreases markedly after ether extraction. 


The 


gamma globulin is markedly elevated and decreases slightly after ether extrac- 


tion, although one ease produced enough changes to reverse this trend in the 
mean figures. 


PATIENT 

G. 3B. 
(inactive) 

P< 
(active) 

D. i. 
(active) 

M. D. 
(active 

C. MeG. 
(inactive) 

BE. S. 
active) 

Mean 


or 


TON 
FON WONG 


CISTI b 
D0 ON i © 8 Go et tO im ow 


oo 
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coms 
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ALPHA 


oY 


PUANORRONUNMO NG 


NOOO 
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CROSABS 


TABLE II. 


GLOBULIN 
BETA 
3.1 
11.2 
17.9 
10.1 
15.1 
10.7 
12.6 
11.6 
14.2 
9.2 
16.9 
10.3 
14.9 
10.5 


GAMMA 
16.7 
32.1 
24.0 
21.7 
19.7 
15.8 
27.0 
24.9 
17.9 
Ly yg 
25.0 
23.0 
21.7 


99 6 


RHEUMATIC 


I 


Table III gives an analysis of twenty 
iere were fifteen female and five male subjects. 


reduction of the albumin. 


TOTAL 


-ATTERN 


AREA 
818 
604 
786 
555 
760 
664 
741 
648 
677 
588 
944 
642 
787 
617 


eases of scleroderma. 


‘EVER 


| 
TOTAI F 
LIPIDS 


653 


120 


594 


698 


ATTY 


ACIDS 


193 


304 


£19 


495 


LIPID | TOTAL 
PHOS- CHOLES 


PHORUS 


12.1 


TEROI, 
165 


In this group 


The average findings revealed 


The alpha globulin remained approximately normal. 


he mean beta globulin was normal, but after ether extraction was markedly 


luced. 


ter ether extraction. 
m had a hypercholesterolemia. 
sexes as regards the protein or lipid pattern. 


The gamma globulin was markedly elevated and remained so even 
Four of these patients had a hyperlipemia but none of 


There were no marked differences between 


There were two patients with disseminated lupus erythematosus (Table IV). 


first patient, H. B., was a 14-year-old girl. who had an acute ‘generalized 
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I, M. 


M. LaM. 


M. M. 
ey ig 
D. A. 
(died 
H. C. 
K. G 
M. G 
J. McC. 
H. M. 
Pak: 
D. S. 
M. VaZ 
E. W. 
D. VZ. 
F. B. 
(died ) 
C. G. 
Mean | 


fulminating type and died following 
bumin was markedly decreased and the alpha, 


ALBI 


MIN 
59.5 
64.3 
58.0 
64.1 


60.4 


61.9 
60.3 
71.1 
56.6 
61.2 
54.6 
61.4 
52.9 
56.0 
58.0 
70.7 
56.8 
61.3 
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several 


III. SCLERODERMA 
TOTAL 
PATTERN | TOTAL 

GAMMA AREA | LIPIDS 
19.6 636 439 
18.3 537 

17.9 67 670 
18.5 571 

17.5 719 675 
17.9 556 

18.3 762 570 
18.1 555 

14.4 735 893 
21.9 571 

15.2 920 631 
25,1 554 

7.4 725 97 
15.1 591 

26.0 679 72 
cL 560 

18.2 768 626 
17.9 756 

20.6 708 86 
17.8 995 

20.4 747 b1D 
17.8 575 

24.0 649 359 
22.8 656 

20.9 683 488 
18.6 488 

24.3 711 769 
18.8 448 

23.3 759 717 
22.3 480) 

21.6 680 538 
16.2 616 

19.7 644 630 
19.7 650 

25.8 720 490 
20.8 513 

22 6 796 675 
21.7 632 

13.9 784 

11.1 478 

20.1 710 

19.0 569 


FATTY 


ACIDS 


339 


477 


304 
416 


405 


LIPID 
PHOS- 
PHORUS | 
7. 


9.8 


6.9 


myocardial infarctions. 


TOTAL 
CHOLES- 
TEROL 


100 
193 
135 
188 
195 
110 
200 
168 


210 


188 
191 


204 


bt 
bo 


130 


The al- 


beta, and gamma globulins were 


all increased, with the most marked increase in the gamma globulin. 


Patient 


EK. R., at present in an inactive phase, had disseminated lupus erythematosus 


about ten vears ago; she apparently recovered. 
The albumin, while being marked]; 
The alpha globulin is only 


she has objective evidence 6f mitral stenosis. 
decreased, is not so low as in the preceding patient. 
slightly decreased. 


in percentage after 


She has no symptoms, although 


The beta globulin is slightly below normal and is increase: 


ether 


extraction. 


The gamma globulin, although it 


markedly elevated, is not so high as in the patient with the acute phase of th 


disease. 


There was one case of dermatomyositis (Table V). 
clinical picture of a widespread arteritis. 





This patient gave t! 


The diagnosis was made by biops: 
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TABLE IV, DISSEMINATED LUPUS ERYTHEMATOSUS 





TOTAL | LIPID | TOTAL 


‘ . + | 

an: |. See PATTERN |TOTAL| FATTY | PHOS- | CHOLES- 
PATIENT MIN | ALPHA | BETA | GAMMA AREA |LIPIDS|} ACIDS PHORUS | TEROL 
HH. 4B; 29.7 12.4 18.2 39.6 713 758 qus Lie qns 
(acute ; 41.1 11.2 14.6 33:2 687 
died ) 
E. R. 47.9 8.4 12.6 30.9 810 653 472 13.6 181 
(inactive ) 54.7 13.9 13.4 27.9 644 
Mean 43.8 10.4 15.4 35.2° 761 

47.9 12.5 14.0 30.5 665 


The albumin was markedly decreased. The alpha globulin was decreased. The 
beta globulin was only slightly elevated, and the gamma globulin most markedly 
elevated. “4 


TABLE V, DERMATOMYOSITIS 











” ! 
TOTAL | | | LIPID TOTAL 
ALBU- ! GLOBT JLIN . PATTERN | TOTAL FATTY PHOS- CHOLES- 
PATIENT MIN | ALPHA | BETA | GAMMA AREA LIPIDS ACIDS PHORUS TEROL 
JI. G. 29.6 3:7 15.4 51.3 793 430 320 78 £42110 


Nine other patients were studied with a barbiturate buffer at a pH of 8.6. 
In comparing the results in this group with those in the preceding group, it 
should be kept in mind that the essential difference is in the albumin fraction. 
In the phosphate buffer the alpha, component is included with the albumin, 
whereas in the barbiturate buffer the two components are resolved.'® 

Table VI lists the findings in nine other cases of diseases of the mesenchyme. 


TABLE VI 


| oaths | TOTAL | | LIPID TOTAL 
GLOBULIN _____ PATTERN | FATTY| PHOS- | CHOLES- 
ALPHA 1 |ALPHA2 | BETA |GAMMA | AREA | ACIDS| PHORUS | TEROL 





PATIENT | MIN 








Rheumatoid Arthritis : 
Las aM 52.5 5.9 13.4 14.4 10.5 709 540 10.9 244 
59.1 6.1 14.7 10.7 9.4 
Scleroderma 

M. 57.8 4.8 10.8 Lid 14.8 682 539 11.3 264 

57.5 dah 12.8 wa 15.5 553 
Ss. 45.9 8.1 11.0 14.5 20.6 729 405 11.0 225 

ae OWS 47.2 4.8 11.6 14.9 21.5 707 

60.5 4.1 ji 7.0 i 604 

ean 50.3 5.9 10.8 13.7 18.9 706 

59.0 5.6 12.0 7.0 16.3 578 

Disseminated Lupus Erythematosus 

Vi 33.3 6.9 10.2 13.8 34.9 610 610 9.4 30 

lied ) 37.5 6.8 12.8 10.6 32.6 424 
; M. 42.3 3.0 6.4 8.7 39.6 865 316 9.4 169 

: 51.5 4.7 8.5 4.7 30.7 515 
43.1 5.8 14.4 11.9 24.9 72 444 9.6 18] 

\ 47.2 5.8 17.1 9.1 20.2 604 
49.4 3.5 12.0 12.2 23.0 802 11.6 313 

42.0 4.8 10.7 11.6 30.8 750 

45.4 5.8 12.8 8.1 27.8 514 

Dermatomyositis 
54.0 7.4 6.5 12.0 20.0 674 
8.4 bt 4.8 11.2 475 
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If one adds the alpha, to the albumin, the mean figures compare favorably 
with those using a phosphate buffer. Any differences are within the limits of 


the mean deviations. 
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Srythematosus 
Fig. 1.—Diagrammatic comparison of electrophoretic patterns in diseases of the mesenchyme 


(Phosphate buffer.) 


Fig. 1 is a diagrammatic comparison of the mean determinations in the 
various groups compared with the normal. Note the descending concentration 
of the albumin as compared with the ascending coneentration of the gamma 
globulin. The diagrammatic normal was caleulated according to the calculations 
of Moore." 

CONCLUSIONS 

The electrophoretic pattern of the pro‘: ins, to some extent, refleets th 
type of disease of the mesenchyme. 

The most marked variations occur in disseminated lupus erythematosu 
and dermatomyositis. Next, in descending order, are rheumatic fever, scler 
derma, and rheumatoid arthritis. 


The gamma globulin and albumin tend to vary inversely. 
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As the gamma globulin increases, it is associated with a larger amount of 


ether extractable material. This may be due to an increase in lipoproteins in 


amounts too large to be linked with the beta globulin. 


The group of patients with rheumatoid arthritis was associated with hy- 


perlipemia and hypercholesterolemia in contrast to the other groups of dis- 


eases of the mesenchyme. 


This study was made possible through grants for research provided by Commercial 


Solvents Corporation and Corn Products Corporation. Technical assistance was ably pro 
vided by Joan Roberts, B.S., M.S., Betty Neustadt, B.A., and Ann Reidy, R.N. 
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SERUM PROTEINS IN PREGNANCY 
THERMAL COAGULATION AND THE BINDING OF ANIONS 


GEORGE H. MILLER, Jr., M.D., M. Epwarp Davis, M.D., ALBERT G. KING, M.D., 
AND CHARLES B. Huaatns, M.D. 
CHICAGO, ILL. 


T IS well established that during pregnancy there are decreases in the con- 

centration of total proteins,’* of albumin,’”’ and of hemoglobin® in the blood. 
The present study is concerned with the rate of development of the albumin 
defect; it will be demonstrated also that the serum proteins are deficient with 
respect to the binding of anions and in thermal coagulation. 

The concentration of total proteins of serum diminishes slightly during 
pregnancy, in the last trimester the proteins being of the order of 5 per ecent*® 
to 7 per cent? less than in the first trimester. Slight or no decreases in total 
protein were observed when analysis of the sera was made by electrophoresis.* ° 
Significant decreases of serum albumin (of the order of 10 to 16 per cent) have 
been observed." **° Dieckmann and Wegner? and Plass and Matthew! found 
that the first decrease in serum albumin concentration occurred after the six- 
teenth week of pregnancy. In the series of Hoch and co-workers* the albumin 
was normal until the eighteenth week of gestation. The discrepancy between 
equivocal or no changes in total protein concentration of the serum and consider- 
able decreases of albumin is explained by the increase*°® in alpha and beta 
globulins of the serum; gamma giobulin remains essentially unchanged. It is 
significant that the eamma globulin level of fetal blood is higher than in either 
maternal or normal serum.° 

(hanges in the serum proteins in pregnancy are not confined to women; they 
occur also in dogs® and rabbits.’ 

The determination of serum albumin by methods in use at this time presents 
peculiar difficulties. With neutral salt fractionation as in Howe’s method some 
alpha globulins are usually ineluded in the ‘‘albumin’’ value which may be as 
much as 39 per cent higher*® than that obtained on electrophoresis; similarly, 
the methonal method of Pillemer and Hutchinson’ yields high values. Indeed, 
electrophoresis, perhaps the most satisfactory of research methods for the quan- 
titative determination of serum albumin, is not characterized by high precision 
and is time consuming. 

Thermal coagulation of serum yields results which are simple, reproducible, 
and precise. By determining the lowest percentage of serum which will form 
a gel under standard conditions,’ certain abnormalities of the serum proteins 
are readily recognized. 

From the Departments of Obstetrics and Gynecology and from the Nathan Goldblatt 
Memorial Hospital for Neoplastic Diseases, University of Chicago. 

This investigation was supported by grants form Mr. Sewell Avery, from Mr. Ben May 
from the American Cancer Society recommended by the Committee on Growth of the National] 
Research Council and from the Committee for Research in Problems of Sex of the Nationa 


Research Council. 
Received for publication, Nov. 16, 1950. 
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The binding of phenolsulfonphthalein (PSP) by the serum of pregnant 
women was investigated. Serum albumin has the unusual characteristic among 
native proteins in that it combines with anions on the basic side of the isoelectric 
point although the protein also carries a negative charge; many of the bound 
anions possess considerable physiologic and pharmacologic significance. Anion 
binding by albumin was discovered by Grollman;"! its chemical basis has been 
systematically investigated by Klotz.!* 1° A decreased capacity for binding of 
PSP by the serum of patients with cancer'™ has been established. 


EXPERIMENTAL 

Materials.—All sera examined were obtained from uncomplicated pregnancies from foun 
weeks of gestation up to and including early labor. <A total of 109 blood samples from 
eighty-three individuals was studied; serial determinations were made in ten patients through 
out the greater part of: their pregnancies. Maternal and umbilical cord bloods were drawn 
simultaneously in twelve cases. 

Serum Proteins.—The total serum proteins were determined by the micro-Kjeldahl tech 
nique of Ma and Zuazagal5 after digestion with sulfuric acid in the presence of copper and 
selenite.16 The proteins were estimated by multiplying by 6.25 the total nitrogen corrected 
for the nonprotein nitrogen. 

The serum albumin was determined by the same technique after precipitation of the 
globulins with 23 per cent sodium sulfate and ethyl ether.17 

PSP Binding.—The amount of phenolsulfonphthalein bound by the serum albumin was 
determined by equilibrium dialysis as described in a previous paper.14 The results were re 
corded as a ratio B/A representing the number of micrograms of PSP bound by 10 mg. of 
serum albumin. The figure 45 has been set as the low limit of normal. 

Thermal Coagulation Tests——Serum was diluted with 0.066M phosphate buffer pH 7.4 
and heated in boiling water thirty minutes; the lowest percentage of serum (greatest dilu 
tion) in which a gel formed1° is the end point. Serum from normal persons always coagu 
lates in 21 per cent or less concentration. The least coagulable protein concentration (LCPC) 
is determined by multiplying the total protein concentration by the least coagulable per 


centage. Values for LCPC above 1.38 are abnormal. 
RESULTS 
The total serum protein and the serum albumin were determined on 109 
sera (Fig. 1). The protein fell from a mean value of 7.16 Gm. per cent during 
he fourth week of pregnancy to a mean of 6.16 Gm. per cent by the thirtieth 
eek. There was a subsequent rise to a mean of 6.75 Gm. per cent at term. 
he serum ‘‘albumin’’ followed a similar pattern with mean values of 4.82 Gm. 
er cent during the fourth week, 3.93 Gm. per cent by the thirtieth week, and 
25 Gim. per cent at the time of delivery. These results substantially bear out 
e findings of other authors. 

The binding ratio (B/A) for PSP was determined on ninety-two sera 
‘ig. 2). A fairly constant decline was found to occur during the course of 
gnaney starting from a mean of 49.1 during the fourth week down to a 
in of 30.0 by the time of delivery. Out of twenty-eight sera tested before 
eleventh week of pregnancy, only three were found to be in the abnormal 
ge (below 45.0). From the eleventh through the fifteenth week, seven out 
'wenty-three were abnormal; from the sixteenth week to term, thirty-six 

rminations were made with only one normal result. 
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The least coagulable percentage of serum was determined in each case in 
relation to the duration of gestation: at eight weeks or earlier all of the values 
were normal: between eight and twelve weeks 66 per cent of the sera were in 


the normal range; from twelve to sixteen weeks 33 per cent of the sera were 
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Fig. 2.—The binding ratio (B/A) for PSP in ninety-two sera, 
normal. In the period of gestation from sixteen to thirty-nine weeks the! 
were forty-one cases; three of the sera coagulated at 21 per cent (the uppe 
limit of normal) and none at lower concentrations, while thirty-eight of th 


‘ 


sera were in the abnormal range (Fig. 3 


The least coagulable protein concentration was also determined on 109 sera 


(Fig. 4). 


to a mean of 1.65 at term was found to oceur. 
eighth week were all within normal limits (below 1.38). 
nine tested from the eighth through the eleventh week were in the pathologie 


range. 


SERUM PROTEINS IN 


three were less than 1.38. 





Comparison of maternal and fetal blood sera (Table I) reveals that in 
ch instance (with one exception) the total protein concentration of the ma- 


Nine sera obtained before the 


PREGNANCY 





A rise from a mean value of 1.2 during the fourth week of pregnancy 
Fifteen of the twenty- 


Of the seventy determinations done from the twelfth week to term, only 
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‘nal serum was higher than in the fetal serum. 


n’’ of fetal serum to bind PSP was greater in each case than in maternal 


in, maternal serum. 








The capacity of the 


um and thermal coagulation of fetal serum was at least as good as, or better 
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TABLE I. PROTEINS IN MATERNAL AND FETAL BLOOD SERUM 


THERMAL COAGULATION 


LEAST COAG 


| LEAST ULABLE CON 
POTAL PROTEIN ALBUMIN PSP BINDING COAGULABLE CENTRATION 
(GM./100 ML. ) (GM./100 ML.) (uG/10 MG.) (J) (GM./100 ML.) 

1. Mother 6.72 3.82 26.2 23 1.55 

Fetus 5.97 3.40 14,2 20 1.19 

2. Mother 6.59 4.23 35.5 ees 1.45 

Fetus $.99 3.48 14.5 ae 1.10 

3. Mother 5.60 3.76 29.4 27 1.51 

Fetus 5.36 3.82 38.0 21 1.13 

!. Mother 6.12 3.75 26.8 26 1.59 

Fetus 5.75 £.80 51.2 22 1.27 

5. Mother 6.95 4.02 27.9 24 1.66 

Fetus 6.82 £30 ate 19 1.50 

6. Mother 6.55 4.87 26.7 25 1.64 

Fetus 6.038 1.19 16.7 19 1.15 

7. Mother 6.39 3.94 34.3 27 Lats 

Fetus 5.42 1.19 38.9 22 1.19 

S. Mother 6.72 3.82 26.2 23 1.55 

Fetus 5.97 540) 44.2 20) 1.19 

9. Mother 6.59 1.23 35.5 74 1.45 
Fetus £.99 3.48 $4.5 22 1.10 

10. Mother 6.76 $355 27.0 26 1.76 
Fetus 6.66 1.15 34.0 19 1.27 

11. Mother 6.95 3.91 30.9 22 Ljs 
Fetus 6.40 4,12 40.0 19 1.22 

12. Mother 5.49 3.97 30.2 33 1.70 
Fetus 6.11 $.03 10.9 19 1.16 


DISCUSSION 


There is a slight decrease in the concentration of total protein in the serum 
of pregnant women and a decrease of greater magnitude in serum albumin. 

Of the proteins of human serum only albumin and gamma globulin’® coag- 
ulate when heated in dilute solution. Unless gamma globulin is increased above 
normal to the order of twofold or more, gel formation in heated serum is deter- 
mined by albumin alone; this factor was not operative in the present series. 
The decrease of albumin in pregnancy is accompanied by a decreased capacity 
to form a gel. Because of the inadequacy of chemical methods for determining 
the albumin content of serum, the thermal methods have greater clinical useful- 
ness than other available routine chemical methods. 

The decreased binding of PSP by the serum of women also is a reflection of 
defects of albumin. 

The decrease in serum protein and serum albumin begins in the first tri- 
mester of pregnaney and becomes progressively more marked as the pregnancy 
advances. The onset of the decline coincides with the decline in corpus luteum 
activity and the development of the placenta. The corpus luteum is largely 
responsible for the endocrinal support of the pregnancy in the first trimester but 
the placenta assumes this function after this period. The production of steroids 
by the placenta is reflected in increasing amounts of urinary metabolites such 
as pregnandiol, estrogens, ketosteroids and corticoids, the curves of which paralle! 
the decrease in plasma proteins. Complications of pregnaney associated with 
placental damage are reflected in alterations in steroid metabolism and in plasma 
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proteins. Thus, the endocrinal changes incidental to pregnancy may well be 
responsible for alterations in plasma proteins, blood volume, and blood econ- 
stituents. 

The electrophoretic analyses of maternal and umbilical vein blood’ have 
indieated that the albumin concentration in the blood of the fetus is higher than 
that of the mother. Our findings with respect to the binding of dyes and also 
thermal coagulation are in agreement. 

SUMMARY 

Slight decreases of the total protein concentration and considerable decreases 
in albumin oceur in the serum of nearly all women in pregnaney. The hypo- 
albuminemia is recognized with ease and precision by thermal coagulation of 
diluted serum. The proteins of serum of most pregnant women are defective 
in the capacity to bind anions such as phenolsulfonphthalein. 

Decreases in thermal coagulative capacity of serum and dye binding usually 
develop during the third month of pregnancy and become more abnormal as 
pregnancy advanees. 

While in most eases the total protein concentration of the maternal serum 
was higher than that of fetal serum, thermal coagulation and the binding of 
phenolsulfonphthalein were more effective in the serum of the fetus. 
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THE RELATIONSHIP OF XANTHOPROTEIC INDICES TO 
QUANTITATIVE PHENOL LEVELS IN VARIOUS AZOTEMIC 
STATES 
PETER GABERMAN, B.S., M.D., DonaLp H. Arias, M.D., Pu.D., 
JULIEN Isaacs, M.D., ERwin M. KAMMERLING, M.D., AND 
LEE Exnruicu, M.D. 
CuiIcaco, IL. 


HE significance of phenols in the blood and their relationship to uremic- 

like states has been the subject of considerable investigation’ * and dispute 
since Becher first pointed out the similarity of phenol poisoning to uremia. 

The source of blood phenol bodies is mainly the absorption from the intesti- 
nal tract of the breakdown products of bacterial aétion on protein derivatives. 
Free phenols are said to be detoxified in the liver, although Houssay* reports 
experiments which cast doubt on this role of the liver. Since phenols are excre- 
ted in the urine, the kidney appears to be the essential organ in the regulation 
of phenolemia. 

Studies on the relationship of the various phenolic substances to symptoms 
of renal insufficiency, uremia, and cholemia (some with reference to their prog- 
nostie significance) have appeared.°® Kenny and Hubbard’? coneluded that 
a high xanthoproteic reaction indicates a true uremia and prognosticates a fatal 
termination, whereas in extrarenal azotemia the xanthoproteic index may be 
low despite an elevated urea nitrogen. 

Hubbard and associates'! also concluded that the xanthoproteie index cor- 
related with the phenol values obtained by the methods of Theis and Benedict!” 
and of Rakestraw’® and that all three methods gave values that paralleled the 
retention of urea. They further concluded that blood creatinine was a better 
indication of the degree of renal failure than the xanthoproteie index. In these 
reports, type of azotemia was not classified. 

Prior to the development of Bernhart’s method'® for the quantitative deter- 
mination of combined phenol in the blood, much of the confliet concerning the 
significance of phenols in uremia was the result of nonspecific methods. The 
methods of Benedict and Theis’ and of Folin and Denis'® gave color reactions 
with a wide variety of related substances. 

Schmidt and co-workers'’ reported a more precise technique for the deter- 
mination of various amino acids, phenols, and aromatic hydroxy acids in blood 
plasma. They found (1) that the concentration of various amino acids and 


the toxic free paracresol-pheno] fraction remained normal regardless of the 
severity of the uremia or the azotemia and (2) that free aromatic hydroxy acids 
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and conjugated paracresol-phenol fractions are moderately elevated in uremic 
plasma. They coneluded that the symptoms of uremia are not due to free or 
conjugated phenolic compounds, 

Roen,’® using the Bernhart method,’> studied five cases of prerenal azotemia, 
seventeen cases of primary renal azotemia, and eight cases of postrenal obstrue- 
tion. Although five cases of prerenal azotemia are an inadequate sample, 
Roen’s results indicated that phenol levels are not necessarily elevated in 
azotemia per se. In the primary renal group he reported no cases with elevated 
blood phenols without uremie symptoms, despite marked nitrogen retention. 
In the obstructive group the blood phenols were elevated only in patients with 
uremic symptoms. Three of his eases with phenol levels up to 3.1 mg. per cent 
(normal 2 mg. per cent) reverted to normal with simultaneous improvement 
in renal function and the uremic state. 

Roen coneluded that (1) the blood phenol is inereased in all azotemic 
patients with uremie symptoms regardless of the type of renal insufficiency, and 
conversely, that the blood phenol is not elevated in azotemia without uremia; 
(2) although the blood phenol is significant in the uremie syndrome, its con- 
centration is not correlated with the intensity of the uremic state. 

Nesbit and co-workers,? in endeavoring to corroborate Roen, determined 
blood phenols by the same method in eight normal subjects, twenty patients with 
postrenal obstruction, five with primary renal disease, and one with prerenal 
azotemia. In this small series they reported that uremic symptoms are not 
always related to inereased blood phenols. They observed no correlation between 
the intensity of the uremia and the blood phenol level, nor was there a correla- 
tion between the blood levels of urea and phenol. Since two of their patients 
with blood phenol values of 10.8 and 7.2 mg. per cent reverted to normal levels, 
they suggest that the test has no prognostic import. 

Because of conflicting reports by workers using the same methods, further 
study was indicated. Our objectives were: (1) to ascertain whether blood 
phenol levels by the method of Bernhart and Schneider’ are of value in dif- 
‘erentiating primary renal from extrarenal azotemia; (2) to determine whether 

‘henol levels by this method have prognostic significance; and (3) to evaluate 
he clinieal significance of the quantitative blood phenol determinations as com- 
ared with the xanthoproteic index. 


MATERIAL AND METHODS 


Quantitative blood phenol determinations by the method of Bernhart and Schneider15 
e done on thirty-seven patients with azotemia of various causation. The patients were 
led into the following categories: (1) primary renal disease, (2) obstructive uropathy, 
acute renal anoxia syndrome. In thirty-one of the thirty-seven patients, fifty-nine deter- 
itions of the xanthoproteic index as described by Becher19 and modified by Hubbard 
Kenny10 were done. Other observations and data on this series of cases have been pre 
‘d elsewhere as part of a general study of the renal anoxia syndrome.* The patients 
ed were from the medical and surgical services of the Cook County and Mount Sinai 
itals of Chicago. 


*“Gaberman, P., and others: tenal Anoxia Syndrome: A Review and Report of 22 
e published. 


Cases. 
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RELATIONSHIP OF THE XANTHOPROTEIC INDEX TO BLOOD /PHENOL: 
320 57 matched observations from 31 patients with / Azotemia. 


Coefficient of Correlation: .893 % .018 
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RESULTS AND CONCLUSIONS 

With regard to the relationship of quantitative phenols to uremic symptoms 
such as coma, stupor, increased neuromuscular irritability, mental confusion, 
ete., our results are in complete agreement with Roen and others in that, although 
no correlation could be established between the intensity of the uremic symptoms 
and the phenol level, all patients with uremie manifestations had phenol values 
above 2.0 mg. per cent regardless of the type of renal insufficiency. Conversely, 
no patient with a phenol value above 2.0 mg. per cent was free from uremic 
symptoms. 

In a statistical analysis of fifty-seven matched determinations of the phenol 
level and the xanthoproteic index from thirty-one patients with all types of 
azotemia, a correlation coefficient of 0.893 + 0.018 was found. The following 
regression formulas were computed: Phenol = .0319 (Xanthoproteie index 

.035) and Xanthoproteie index = 24.95 x (Phenol + 17.9). This high coefficient 
of correlation would suggest that both may be used interchangeably in accord- 
ance with their regression formulas or with the simplified approximation : 
Xanthoproteie = 27.8 x (Phenol + 10). 

However, despite this high statistical correlation, we feel that estimation 
of the phenol level is preferable because (1) it is a more specifie test for phenol 
bodies, and (2) in our material, when discrepancies arose between the two values, 
the phenol seemed clinically the more correct. 


TABLE I, SIMULTANEOUS DETERMINATION OF N.P.N., PHENOL, AND XANTHOPROTEIC INDEX 
IN NORMAL AND AZOTEMIC PATIENTS* 


PATIENT | N.P.N. | PHENOL XANTHO. 
] 17! 3.7 103 
2 214 5.2 152 
3 87 1.6 46 
4 33 1.7 52 
5 53 1.4 92 
6 55 2.4 86 
7 44 LS 56 
8 98 1.9 78 
9 107 2.7 92 
10 144 3:5 63 
1] 111] 2.1 110 
12 80 3.0 82 
13 128 ray | 70 
14 236 10.0 250 
15 55 2.0 70 
16 148 4.1 116 

7 230 4.4 100 
18 289 5.7 148 
1¢ 214 3.1 86 
20 141 1.9 115 
21 136 3.5 68 
22 51 2.1 62 
2 83 4.4 100 
24 87 1.6 46 
25 26 i 416 
26 220 3.9 110 
27 202 4.8 185 
28 150 5.9 159 
29 273 4.3 129 
30 75 1.9 52 
31 133 8.0 239 





“Maximum phenol value for each patient was selected. 
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In general, an elevated phenol value offers a poor prognosis, especially in 


the primary renal group wherein all patients with high phenol concentration 


died shortly. Progressively rising phenol values indicate a serious prognosis 


in all types of renal insufficiency, although in the acute renal anoxia syndrome 


a high phenol value may be reversible and does not necessarily denote a fatal 


outcome. Two of our patients with acute renal anoxia syndrome: had phenol 


values of 5.5 and 3.4 respectively, and yet recovered completely with return of 


the phenol levels to the normal range. 


SUMMAR 


(1) The eause of conflicting reports in the literature on the significance 


of phenol levels is discussed. (2) A comparison of phenol determinations by 


the method of Bernhart and Schneider with simultaneous determinations of the 


xanthoproteie index in thirty-one patients is described. (3) While a statistical 


correlation may be found between these two tests, the phenol determination 


seems the better because of its greater specifiicity and its more exact clinical 
correlation. (4) No relation was found between the intensity of the uremic 


symptoms and the phenol levels. In general, however, an elevated phenol level 


suggests a poor prognosis, especially in the azotemias due to primary renal 


disease. In the acute renal anoxia syndrome a high phenol value may be 


reversible with clinical improvement of the patient. 





We are indebted to William J. Byer, M.S., for the statistical analysis of our results. 
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SALT LOSING CONDITIONS: THE RENAL DEFECT IN 
TUBERCULOUS MENINGITIS 
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HE studies of Merritt and Fremont-Smith' have indicated that the low 

spinal fluid chloride of tuberculous and purulent meningitis is a corollary of 
a decreased chloride of the plasma, and part of a general hypo-osmolarity and 
hypoelectrolytemia of the body fluids. The occurrence of such a hypoelectroly- 
temia, with low levels of chloride and sodium, has been recognized for many 
years not only in adrenal disorders and primary renal disease but also in a 
variety of other conditions, including lobar pneumonia, tuberculosis, a number 
of other febrile diseases, and congestive heart failure.” * Balance studies on 
patients with lobar pneumonia showed that although the hypoelectrolytemia was 
usually accompanied by electrolyte retention, occasionally excessive renal salt 
loss occurred. Sunderman‘ concluded ‘‘that pneumonia is characterized dur- 
ing the precritical period by a diminshed capacity of the body to conserve 
chloride on a low intake of chloride and a diminished capacity to excrete chloride 
on a high intake of chloride.’’ Similar observations were made on patients 
with pulmonary tuberculosis.’ 

Winkler® studied sixteen patients with a reduced serum chloride level and 
without demonstrable renal disease. Fourteen of them had pulmonary tuber- 
culosis, one a pulmonary carcinoma, and one cardiac disease. In his opinion 
the state of chloride depletion was caused by ‘‘the ability of these subjects to 
exerete chloride readily in the urine at levels of serum chloride at which 
urinary excretion of the ion normally virtually ceases.’’ In a balance study on 
children with peritonitis similar observations were made.’ The plasma com- 
position was characterized by a great reduction of serum chloride, accompanied 
by a lesser fall in sodium and increase of bicarbonate. Despite the hypoelectroly- 
temia, electrolyte excretion in the urine continued. Large intake of salt did 
not restore the disturbance of the ionic equilibrium of the body fluids. 

It would appear from the foregoing studies that a specific renal defect, 
characterized by loss of chloride and sodium, accompanies at times diseases il 
distant body organs. It appeared of great interest to describe and delimit th 
renal dysfunction of the electrolyte losing state. Patients with tuberculou: 
meningitis offered the desirable combination of a relative permanence of th: 
disturbance, in contrast to its self-limited nature in patients with pneumoni 
and peritonitis, and absence of large extrarenal losses of electrolytes. Th 
present report is an account of studies of the electrolyte excretion of three chi! 
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dren with tuberculous meningitis, studied by means of load-clearance techniques. 
The renal response to infusion of iso-and hypertonie solutions of sodium, potas- 
sium, and ammonium chloride, sodium bicarbonate and thiosulfate, and of 


isotonie glucose administered at varying rates was determined. 


EXPERIMENTAL 


Patient S. K. was a 2-vear-cld girl who was admitted to the hospital in August, 1948, 


with an illness of two months’ 


duration. The diagnosis of tuberculous meningitis was made 
and the child was placed on streptomycin therapy. After a temporary improvement in the 
fall of 1948, her condition deteriorated. The patient finally expired on March 21, 1949. The 
studies reported here were carried out during her last hospital stay, approximately two weeks 


before death. 


Patient B. R., a 38-year-old girl, was admitted to the hospital on Feb. 10, 1950, in a 
semicomatose state, with an illness of several months’ duration. After establishment of the 
diagnosis of tuberculous meningitis, streptomycin therapy was begun. She failed to improve 
and was discharged from the hospital on March 17, 1950, to die at home two days later. 
The observations were carried out about one week prior to death. 


-atient S. J. was a 2-year-old girl who had been ill for two weeks prior to admission. 
The diagnosis of pulmonary tuberculosis was made, and the patient was treated with dihy- 
drostreptomycin. After a temporary improvement her condition deteriorated and tuberculous 
meningitis developed. The patient expired on Oct. 25, 1949, after a continuous hospital 
stay of four months. The observations on this patient were carried out in July, 1949, about 
three months before death. 


Table I contains the relevant laboratory data obtained on the patients during the period 
of the studies. The values for CO, content, chloride, sodium, and potassium of the plasma, 
which are presented in the graphs, are omitted. It may be seen that there was a tendency 
to elevation of plasma pH. The CO, tension was variable but more often high than low. 
The nonprotein nitrogen was normal. Calcium, phosphate, and protein did not show note 
worthy changes. The data on the spinal fluid show, in addition to the characteristic changes 
of glucose and protein, a considerable decrease of the chloride concentration which paralleled 
the plasma level. On Patients B. R. and S. J. glomerular filtration clearances were per- 
formed, in one (Patient B.R.) by means of mannitol and in the other (Patient S.J.) by 
means of thiosulfate. In view of the large correction factors for body size, both values may 
e considered normal. 

-atients S. K. and B. R. were receiving continuous intravenous clyses before the ob- 
‘rvations were begun. Patient S. J. was being fed a milk formula by stomach tube. The 
eneral procedure of the experiments consisted of continuous urine collections by means of an 
ndwelling catheter. Overnight periods on either isotonic sodium chloride or glucose solutions 
lternated with short-term clearance studies. Venous blood samples were collected under oil 

appropriate intervals. The details of the several experiments are given in the illustrations. 
e pH was determined on the plasma and the carbon dioxide, chloride, sodium, and potas 
im, in both plasma and urine by methods previously described.§ Thiosulfate was deter- 
ied by the method of Gilman® and mannitol as previously described.10 

The patients were more or less comatose with occasional mild convulsions. Their food 

ike was poor, but vomiting was absent. They seemed unaffected by the infusion of isotonic 
tions of sodium chloride or glucose. The injection of the hypertonic sodium chloride 
e rise to some restlessness, that of ammonium chloride to increased frequency and severity 
he convulsions, while that of potassium chloride seemed to be painful. Sodium bicarbonate, 
ite the elevation of pH produced, failed to affect the condition of the patient. Fluctua 
> in the plasma levels of sodium, potassium, chloride, and carbon dioxide did not appear 

‘ correlated with any change in the clinical state. Post-mortem examinations were per- 

ed on two of the patients. The kidneys appeared normal both macro- and microscopically. 
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Control observations on the effect of infusion of isotonic glucose and hypertonic sodium 
chloride solutions were made on a 14-month-old infant weighing 8.2 kilograms. The patient 
experienced no noteworthy effect from either procedure. The effect of glucose solution, typical 
of water diuresis, is omitted from presentation. 

RESULTS 

Figs. 1 to 4 present the essential data on the three patients studied. The 

observations embodied in Figs. 1 and 2 were obtained on the same patient. 


SALINE HYPERTONIC NaCl GLUCOSE WATER 


30cc.20% NaCl Ourine 


5% Glucose ——i 








5}+09% Naci —>|<—5% ci— 


| 


—— ELL 


INFUSION 
c.c./min. 

















FLOW 
c.c./min. 











COe 
m.Eq/L. 


Cl 
m.Eq./L. 





100 Pew, a a: Na 
; a. m.Eq./L. 
0 O-O-en9, 0-0 


504 5. —O-----O--... err Oy . 
fa ek pitta Ae... sal m.Eq./L. 








ey sors oe oar ™ 
¢ - + - \ 
ad = 16.1 hes. - ° ” - 21.0 hrs. 
TIME - MINUTES 
Fig. 1.—Patient S. K.: Electrolyte levels in plasma and urine during infusion of iso- 


wan nie and isotonic glucose solutions. The overnight periods are 
The study on Patient S. K. began with a period of infusion of an isotonic 
dium chloride solution. It is apparent from Fig. 1 that there existed a dis- 
irbanee in the distribution of electrolytes of the plasma. The chloride was 
duced to 80 and the sodium to 130, while the carbon dioxide was elevated to 
meq. per liter. The serum potassium was decreased to 2.0 meq. per liter. 
comparison with the urinary concentrations indicates the pattern of the 
ial defect. The urinary concentration of chloride was 115 and that of sodium 
to 90 meq. per liter, in spite of decreased plasma levels, while the urinary 
9on dioxide was only 12 meq. per liter with an elevated plasma bicarbonate 
|. The urinary potassium concentration of 4.5 meq. per liter was above the 
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plasma value. During the succeeding period the patient received 0.9 per cent 
sodium chloride for six hours followed by 5 per cent glucose solution for twelve 
hours. Determination of plasma and urine during and at the end of the glucose 


infusion showed in the plasma a decrease of the chloride to 67 and of the 


sodium to 123 meq. per liter while the carbon dioxide rose to 40 meq. per liter. 
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Fig. 2.—Patient S. K.: The effect of ammonium chloride and sodium bicarbonate. 


The potassium had dropped to 1.6 meq. per liter. The urinary concentration 
of the electrolytes showed little change, other than a somewhat higher sodium 
value. Next, the patient received one injection of a 20 per cent sodium chloride 
solution in an amount calculated to elevate the chloride by 20 meq. per liter 
assuming a distribution volume of 25 per cent. Actually, the chloride rose only 
by 13 meq. per liter, indicating a distribution volume of approximately 40 pei 
cent. Although a diuretic response to the injection is evident, no significan 
changes in the urinary concentration of any of the ions occurred. This is it 
marked contrast to the normal response which leads to levels of 250 to 300 meq 
of sodium and chloride following infusion of a hypertonic sodium chlorid 
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solution." The failure of the urinary potassium concentration to rise, as it 
commonly does following administration of sodium salts, is also noteworthy. 
However, the rate of excretion of potassium was increased. The effect of infusion 
of 5 per cent glucose at varying rates is portrayed in the last portion of Fig. 1. 
Although a diuresis was readily produced, no significant change in the urinary 
concentration of any of the constituents occurred. The plasma composition 
was more abnormal than before. The plasma carbon dioxide exceeded 40, while 
the chloride dropped to 60 and the sodium to 115 meq. per liter. The potassium 
was 1.8 meq. per liter. 

Fig. 2 portrays the effect of ammonium chloride and sodium bicarbonate 
in the same patient. It may be seen that the ammonium chloride, administered 
in the same amount as the hypertonic sodium chloride solution, produced a 
comparable rise in the plasma chloride with a corresponding fall in the bicar- 
bonate level. The sodium remained unaffected. The pH, not shown, decreased 
from 7.5 to 7.3. In the urine the concentration of sodium remained unchanged; 
that of chloride increased, while the carbon dioxide content dropped. Adminis- 
tration of sodium bicarbonate in equimolar amount, while increasing the plasma 
level of sodium to 147 and of bicarbonate to 56 meq. per liter, and raising the 
pH from 7.5 to 7.7, likewise failed to affect the urinary sodium concentration. 
However, the urinary carbon dioxide rose and a transient decrease of chloride 
occurred. The potassium concentration increased greatly, an effect typically 
observed after infusion of sodium salts. Fig. 2 presents additional data on 
the effects of infusion of isotonic salt and glucose solutions. They differed little 
from those shown and described in Fig. 1. 

Fig. 3 presents data on Patient B. R., whose electrolyte disturbance was 
somewhat milder. The effects of isotonic sodium chloride, potassium chloride, 
and glucose solutions were studied. It may be seen that when tested initially, 
a chloride concentration of 81 in the plasma and one of 128 in the urine coexisted. 
The carbon dioxide was 38 in the plasma and 26 in the urine, and the sodium 
was 118 and 159 meg. per liter respectively. The serum potassium was 3.0 meq. 
per liter. The infusion of potassium chloride, in amount of 2.6 meq. per kilogram 
body weight, was followed by a slight rise of the chloride and an equal decrease 
of the bicarbonate of the plasma. The sodium remained unchanged, while the 
otassium rose to 5.4 meq. per liter. The urinary changes consisted of a con- 
iderable rise of the bicarbonate to 85, a moderate reduction of the chloride to 

0 meq. per liter, and an insignificant change of .he sodium, The potassium 
meentration rose to 28 meq. per liter. The increase of bicarbonate excretion, 
lowing administration of potassium halides, has been observed previously.’ 
n after-period on isotonic sodium chloride was similar in pattern to the period 
fore potassium infusion, except for continuing high urinary potassium con- 
ntration. <A final test with isotonic glucose solution produced little change 
the plasma, but a moderate reduction of both sodium and chloride concen- 
tions in the urine to values of 50 and 40 meq. per liter respectively oceurred, 
icating a considerable impairment of the ability of the kidney to exerete 
ite urine. 
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Fig. 4 presents data on Patient S. J., who had the mildest electrolyte dis- 


turbance. The chloride was 89, the carbon dioxide 33, the sodium 133, and the 
potassium 5.0 meq. per liter of plasma. The response to an oral test dose of 
water is portrayed in the first portion of Fig. 4. It may be seen that an adequate 


diuretic response, with flows of 3 ¢.c. per minute, equivalent to 11 ¢.c. per 1.78 















































square meters surface area, was obtained. During the water diuresis the 
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Fig. 3.—Patient Bb. R Response to isotonic sodium and potassium chloride and _ glucos¢ 
solutions. 
urinary chloride and sodium dropped to 8.0 meq. per liter. The response to 
a hypertonic sodium chloride solution, shown in the next section of Fig. 4, was 
greater than in Patient S. K., but still less than normal. The urinary chlorid 
rose to a level of 150 in one period to drop quickly to values of 115 to 120 meg 
per liter. The lack of response was even more pronounced in the case of sodium. 
The potassium excretion rose greatly to levels of 40 meq. per liter. The las' 
panel of Fig. 4 shows the effect of a hypertonic sodium thiosulfate solution. 
sizeable diuresis was produced. The urinary chloride concentration dropped t 
as low as 4.4, while the sodium rose to 293 meq. per liter. The potassium ros« 





as was to be expected, to a level of 22 meq. per liter. 
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tively. The urinary response described is entirely similar to the pattern 
observed in normal dogs after infusion of thiosulfate and other multivalent 
anions,'* and after sulfate in man." 

In view of a possible age variation in the ability to concentrate urine, 
control observations were made on an infant of a weight comparable to that of 
the three patients with meningitis but of younger age. Fig. 5 presents the 


effect of a hypertonic sodium chloride solution on the exeretion of electrolytes. 
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ig. 4.—Patient S. J.: The effect of water by mouth and hypertonic sodium chloride and 


thiosulfate solutions by vein. 


may be seen that the concentration of urinary sodium and chloride rose to 
0 meq. per liter. The potassium contentration, unusually high initially, 
ropped somewhat. The minute excretion, however, was greatly increased. The 
lues of urinary osmolarity and flow, when corrected for body area, followed 
isely the flow-load curve.® 
DISCUSSION 

The present study, performed over a wider range of experimental conditions 
n employed previously, offers confirmation ot other reports of a disturbed 
al electrolyte control in primarily nonrenal disease. Beyond the well-estab- 
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lished fact that in such conditions chloride excretion may continue despite a 
subnormal plasma level, an impairment of the ability of the kidney either to 
clear or to conserve chloride in a normal manner becomes apparent. Comparable 
to the reduced faculty of a chronically nephritic kidney to dilute or concentrate 
the solutes of the urine, there may exist, as an isolated defect, a restriction in 
Whereas the 
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the range of adjustment with respect to electrolytes. 


kidney responds to hypochloremia with almost complete disappearance of chlo- 
ride from the urine” '* and to salt loading with chloruria in exeess of 300 mM 


per liter,!! the patients showed variable degrees of limitation in response. 


urinary chloride concentration of Patient S. K., who had the most severe im- 
pairment, varied only from 45 to 120 mM per liter during infusion of solutions 
of glucose and sodium chloride, while the other two patients exhibited a greater 


Fig. 
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span of adjustment. 


Although the data are as yet too fragmentary for a conclusive localization 
and characterization of the renal defect, some preliminary conclusions may b 


drawn. 


Clearance measurements in two of the patients, as well as the norma! 
nonprotein nitrogen values in all three, suggest an essentially unimpaired 
The normal result of one water diuresis test with respect 


glomerular function. 
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to flow and dilution of electrolytes in the urine and isolated data on concentrat- 
ing ability and osmotic response to injected hypertonic mannitol and sodium 
thiosulfate solution would indicate at least grossly normal distal tubular fune- 
tion. Thus, by exclusion, one arrives at the proximal tubule as the site of 
disturbance. 

The defect, although most pronounced with respect to chloride and sodium, 
may encompass other electrolytes as well. The elevated plasma bicarbonate, 
although explicable as a secondary change in consequence of the relative propor- 
tions of sodium and chloride lost, may reflect a specific renal defect; a primary 
disturbance of the bicarbonate control is suggested by its relatively low urinary 
excretion.!° Little can be said in regard to potassium; although extremely low 
plasma levels and a reduced potassiurie response to the injection of sodium 
chloride were observed in one ease, in the other two the levels in plasma and 
urine and the renal response to potassium loading were within normal limits. 
The changes in bicarbonate, be they primary or secondary, result in elevation 
of the plasma pH value. The respiratory system is involved as indicated by 
the tendency to an increased earbon dioxide tension. The complex disturbance 
results in a hypoelectrolytemia which of necessity must reflect a reduced con- 
centration of electrolytes and solutes in all body fluids. Therefore, a decrease 
of the intracellular potassium concentration is an unavoidable correlate of the 
reduction of the concentration of the extracellular ions. The pattern of plasma 
changes bears a certain resemblance to the syndrome of low potassium, high 
carbon dioxide, and low chloride which has been described by Darrow” in rats. 
However, hypoelectrolytemia was not~-an obligatory part of the chemical dis- 
turbance in the animals. It is of interest that potassium chloride administered 
in one instance failed to produce a lasting effect on the chemical disturbance of 
tuberculous meningitis. 

The occurrence of a renal dysfunction of the special kind deseribed which 
accompanies disease in organs far removed from the kidney impels one to look 
for long-range influences affecting the kidney. Such effects, humoral and 
nervous in nature, are well known. Among humoral factors the profound 
influence of the pituitary and adrenocortical hormones on water and electrolyte 
excretion may be cited. Nervous effects include such phenomena as reflex inhibi- 
tion of urine flow, or, more closely applicable to the present discussion, the im- 
pressive effect of splanchnicotomy on the excretion of sodium and chloride 
inder conditions of salt loading.*’ No significant changes in filtration rate or 
n distal tubular function occurred, suggesting the proximal tubule as the site 

f reaction. The mechanisms by which humoral and nervous influences may 
xert their effects in the kidney are as yet completely unknown. It has been 
iggested'® that the electrical properties of the tubular membrane may be of 
nportance in determining the behavior of electrolytes in the kidney. The 
ssible role of electric phenomena was emphasized by observations on ionic 
teractions during osmotie diuresis produced by sodium salts of a variety of 
ids, which led to impressive variations of the urinary concentration of chlo- 
le, sodium, and potassium. These effects also were localized in the proximal 
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tubule. In the present studies interaction among the anions could be observed 
also, as evidenced by a profound depression of chloride exeretion after loading 
with thiosulfate, and a lesser reduction after injection of bicarbonate. Thus 
it would appear that the interaction among the ions was a more powerful factor 
than the intrinsic change in the tubule characteristic of the diseased state. 
Whether the disturbance is of the same nature in all the conditions of hypoelee- 
trolvtemia mentioned in the introduction remains to be investigated. Differences 
in plasma composition and renal responses apparent from the data in the litera- 
ture suggest the possibility of multiple and complex factors resulting in similar 


deviations of the ionic equilibrium of the body fluids, 


SUMMARY 

Three children with tuberculous meningitis who showed the characteristic 
hypoelectrolytemia with decreased sodium and chloride and increased biearbon- 
ate levels in the plasma were studied with respect to urinary exeretion of 
sodium, potassium, chloride, and bicarbonate. Their renal response to infusion 
of iso- and hypertonic solutions of sodium, potassium, and ammonium chloride, 
sodium bicarbonate and thiosulfate, and glucose was tested by means of simul- 
taneous determinations of plasma and urine concentrations and of the amounts 
excreted. The data indicated a disturbance of the renal electrolyte control. 
Natriuria and chloruria persisted at low plasma levels and were not affected by 
glucose infusion. The hypertonic sodium chloride solutions failed to produce 
high urinary concentrations of either sodium or chloride. The nature of the 
defect is discussed, with the tentative conclusion that the proximal tubule is 


the most likely site of the disturbance. 
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INTRODUCTION 


HEN stilbamidine, an aromatic diamidine, is injected for the treatment 

of multiple myeloma, large basophilic granules develop in the cytoplasm 
of the myeloma cells... These granules have been shown to consist of ribose 
nucleic acid, bound to the ingested diamidine.* Comparable granules develop 
in the cytoplasm of the myeloma cells after injection of 2-hydroxystilbamidine.® 
The latter diamidine also penetrates into the nuclei of the cells, for on examina- 
tion with the fluorescence microscope after injections of 2-hydroxystilbamidine 
the nuclei of myeloma cells fixed with methyl alcohol are seen to contain a 
vividly fluorescing substanee.* Evidently 2-hydroxystilbamidine links up not 
only with ribose nucleie acid but also with desoxyribose nucleic acid. 

As far as we have seen, stilbamidine and 2-hydroxystilbamidine do not 
penetrate into other bone marrow elements—only into myeloma e¢ells. No baso- 
philie graules, no fluorescence of eytoplasm or nuclei can be visualized in other 
bone marrow cells after injection of these diamidines. 

Chemical analysis, however, reveals that considerable amounts of. stil- 
hamidine and of its 2-hydroxy derivative can be demonstrated in the liver, kid- 
neys, and adrenals of human beings, rabbits, and mice treated with these sub- 
stances. Other organs contain smaller or larger traces. Quantitative analysis 
has shown that the amount of diamidine deposited in the different organs is 
about the same irrespective of whether stilbamidine or 2-hydroxystilbamidine 
has been injected. Nevertheless, examination with the fluorescence microscope 
of sections and smears* of organs of animals treated with these substances 
reveals considerable differences between the deposition of these two diamidines.® 
In previous publications it was reported that unstained smears and sections of 
many organs of animals treated with 2-hydroxystilbamidine can easily be photo- 
eraphed with a fluorescence microscope because the nuclei of these organs contain 
a strongly fluorescent substance. The possibility that this fluorescent substance 
evidently 2-hydroxystilbamidine—penetrates into the nucleus during fixation 
merits consideration. In contrast to the fluorescent picture of a liver section of a 
mouse injected with 2-hydroxystilbamidine, as shown in Fig. 1, A and B, the fluo 
rescence of the mouse liver after injections of stilbamidine is so weak that it is 
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*All microscopic sections were prepared from organs fixed in Carnoy solution. All smear 
of organs were fixed in methyl alcohol. 
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Fig. 1.—Liver of mouse injected with 2-hydroxystilbamidine. A, Liver section (fixed in 
rnoy solution) unstained. Photographed with ultraviolet light. Nuclei of liver cells, bile 
t epithelia, endothelia, and Kupffer cells strongly fluorescent. B, Same liver section (fixed 
Carnoy solution). Photographed after staining with Wright’s stain. 


rdly feasible to make a comparable photograph. In the mouse, the kidneys 
| adrenals contain larger amounts of stilbamidine and hydroxystilbamidine 
n does the liver. Thus after stilbamidine injections, faintly fluorescent 
‘tographs can be made of sections of the kidneys and adrenals. The faint 
rescence as shown in Fig. 2, A and B, seems to be equally distributed through 
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B. 


Fig. 2.—Kidney of mouse, injected with stilbamidine. A, Kidney section (fixed in Carnoy 
solution) unstained. Photographed with ultraviolet light. Nuclei faintly stained. Much granu 
lar fluorescent materal. B, Same kidney section (fixed in Carnoy solution). Photographe: 
after staining with Wright’s stain. 


the cytoplasm and the nucleus of the renal cells, whereas after 2-hydroxystil 
bamidine the nuclei of the glomeruli and tubules stand out like fiery beacons 
Fig. 3, A and B. Histologic details of cell structure can be studied better 1 
smears than in microscopic sections as shown in Fig. 4, A and B, which repre 
sents smears of liver cells photographed with ultraviolet light before stainin: 
and then with ordinary light after staining. 
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B. 
Fig. 3.—Kidney of mouse injected with 2-hydroxystilbamidine. A, Kidney section (fixed 
7 Carnoy solution) unstained. Photographed with ultraviolet light. Nuclei of glomerulus 
thelium, tubulus epithelium, and interstitial cells strongly fluorescent. Fluorescent granular 


isses in lumen. B, Same kidney section (fixed in Carnoy solution). Photographed after 
ining with Wright's stain. 


Before accepting the assumption that 2-hydroxystilbamidine penetrates 


; ‘re readily into the nucleus than stilbamidine, it was deemed advisable to 
! idy the influence of nucleic acid derivates upon the fluorescence of stilbamidine 

| 2-hydroxystilbamidine. It seemed possible that nucleic acid might quench 
( fluorescence of stilbamidine, but increase the fluorescence of 2-hydroxystil- 


midine, 
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Fig. 4.—Smears of liver puncture obtained from patient, treated with 2-hydroxystilba 
midine. A, Liver smear (fixed in methyl alcohol) unstained. Photographed with ultraviolet 
light. Nuclei faintly fluorescent. B, Same liver smear (fixed in methyl alcohol). Photographe: 
after staining with Wright’s stain. 


Aqueous solutions of stilbamidine and 2-hydroxystilbamidine are fluorescent 
and this property has been made use of for their determination in blood, tissue 
and urine.® The fluorescence of stilbamidine is strong and blue, that of 2 
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hydroxystilbamidine is weak and reddish. Nevertheless, as mentioned, sections 
of organs of animals or human beings who have been treated with 2-hydroxy- 
stilbamidine fluoresce much stronger than when stilbamidine is injected. Not 
only the intensity but also the color of the fluorescence of the diamidines 
deposited in eytoplasm and nuclei differs from the fluorescence in solution. The 
fluorescence of stilbamidine as seen in microscopic sections of organs is white 
with a bluish tinge, that of 2-hydroxystilbamidine is yellowish white. The dif- 
ferences between the fluorescence of the diamidines has been summarizd in 
Table I. 


TABLE I, FLUORESCENCE OF STILEPAMIDINE AND 2-HYDROXYSTILBAMIDINE UNDER DIFFERENT 
CONDITIONS 


FLUORESCENCE | STILBA MIDINE | 2-HYDROXYSTILBAMIDINE 
a. In watery solutions Strong and blue Weak and red 
b. In cells White with bluish tinge Strong and yellowish white 
e. In nuclei Hardly any Strong 


The following observation also indicates that the conjugation of the diam- 
idines with different nucleic acid derivatives may influence the fluorescence. In 
the lumen of the kidney tubules of animals injected with stilbamidine, granular 
material with blue fluorescence could easily be visualized, but in the renal cells, 
only a faint, white, bluish fluorescence could be seen. The latter could well be 
due to an addition product of stilbamidine and a nucleic acid derivative, whereas 
the substanee present in the tubular lumen should consist of free stilbamidine. 

The following experiments were devised to test whether the addition of 
nucleates to solutions of stilbamidine and 2-hvdroxystilbamidine influences the 
fluorescence of these diamidines. 


MATERIALS AND METHODS 


Stilbamidine and 2-hydroxystilbamidine were used as diisethionates (Merck). Sodium 
nucleate (that is sodium ribonucleate) was obtained from Schwarz Laboratories, ribose 
nucleic acid (RNA) from the Nutrition Biochemical Corp., and desoxyribonucleic acid (DNA) 
from Bios Lab’s. The fluorescence was measured in the Lumetron-colorimeter (Photo-Volt 
Corp.). For the fluorimetric determinations of 2-hydroxystilbamidine the primary filter for 
itamin A was used; readings were made after two minutes’ exposure to the light of the 
luorimeter. At the start of the determination the fluorimetric reading obtained with distilled 
water was set at zero. For the fluorimetric determination of stilbamidine, the primary filter 
‘or vitamin B, determination was used and the readings were made after one minute’s ex- 
osure to the light. 

RESULTS 


Experiments With 2-Hydroxystilbamidine—The addition of nucleates 
arkedly inereases the weakly reddish fluorescence of aqueous 2-OH stilbamidine 
‘utions and changes it to a deep yellow fluorescence (Table II). When the 
orimetrie reading obtained with distilled water is set at zero, then the read- 
xs for watery 2-hydroxystilbamidine solutions of 10 mg. per cent range 

ween 10 and 15: after addition of the nucleic acid derivatives, between 40 
1 90. Nueleate solutions without amidines do not show fluorescence. 
Whereas both ribose nucleic acid and sodium nucleate increase the fluores- 
ce of 2-hydroxystilbamidine, it is remarkable that ribose nucleic acid is much 








568 SNAPPER, SCHNEID, LIEBEN, GERBER, AND GREENSPAN 


TABLE II. INFLUENCE OF ADDITION OF NUCLEATES UPON FLUORESCENCE OF 2-HYDROXYSTIL- 
» 


BAMIDINE (ALL SAMPLES ARE FILLED TO 25 ML. WITH H,O) 


FLUORIMETRIC COLOR OF 
READINGS FLUORESCENCE 

1. 1 ml. 2-hydroxystilbamidine 10 mg. % 15.0 Reddish 

2. 1 ml. 2hydroxystilbamidine 10 mg. % 40.2 Yellow 
plus 2 ml. Na nucleate 30 mg. % 

3. 1 mil. 2-hydroxystilbamidine 10 mg. % 94.3 Yellow 
plus 2 ml. RNA 30 mg. % (filtered) 

t+. 1 ml. 2-hydroxystilbamidine 10 mg. % 59.6 Yellow 
plus 2 ml. DNA 30 mg. % (filtered) 

5. 2 ml. Na nucleate 30 mg. % 0.5-1.0 - 

6. 2 ml. RNA 30 mg. % 1.0 = 

7. 2 ml. DNA 30 mg. % 0.2 - 


more active than sodium ribonucleate. This was the reason for investigating 
the influence of decreasing pH upon the fluorescence of a 2-hydroxystilbamidine 
solution to which nucleates have been added. 

The fluorescence of a solution of 2-hydroxystilbamidine to which no sodium 
nucleate has been added does not change after acidification (Table III). 

When the acidity exceeds a pH of 2.6 the fluorescence readings decrease 
again, and on addition of 1 ml. concentrated HCl to a sample of 2-OH stil- 
bamidine plus sodium nucleate, the effect of the nucleates is abolished. 


TABLE III. INFLUENCE OF PH ON THE FLUORESCENCE OF 2-HYDROXYSTILBAMIDINE (ALL 
SAMPLES ARE FILLED TO 25 ML. WITH H,O) 


FLUORESCENCE 


MEASURED PH 
1 ml. 2-OH stilb. 15.0 4.68 
1 ml. 2-OH stilb. + 1 drop N/50 HCl 16.5 4.50 
1 ml. 2-OH stilb. + 1 drop N/10 HCl 15.0 3.70 
1 ml. 2-OH stilb. + 1 drop N HCl 14.7 2.53 
1 ml. 2-OH stilb. + 3 drops 2N HCl 12.5 1.80 


Table I] shows that after addition of ribose nucleic acid the fluorescence 
of watery solutions of 2-hydroxystilbamidine increases more than after addition 
of desoxyribose nucleic acid. After acidification by HCl the fluorescence of a 
mixture of 2-hydroxystilbamidine and desoxyribose nucleic acid increases but 
remains in general below the fluorescence of 2-hydroxystilbamidine solutions to 
which nucleic acid and HC] have been added (Table IV). Only at a pH of 
about 2.5 does the fluorescence of a mixture of 2-hydroxystilbamidine and desoxy- 
ribose nucleic acid become about equal to the fluorescence of a mixture of 2- 
hydroxystilbamidine and ribose nucleic acid. 

In contrast to the increasing effect of acid addition on the fluorescence 
of 2-OH stilbamidine solutions which contain nucleic acid, the addition of alkali 
in stoichiometrically equivalent quantities bas a depressing influence, which goes 
through a minimum (just as the acid effect goes through a maximum). Wher 
1 ml. 10N NaOH is added, the effects of the nucleate upon the fluorescence 0! 
2-hydroxystilbamidine are abolished. This amount of alkali produced in 2-OH 
stilbamidine samples without nucleate a vellow fluorescence. 

It is obvious that the pH of mixtures of 2-hydroxystilbamidine and nuclei 
acid can be better regulated by the addition of buffers than by acidification wit! 
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TABLE IV. INFLUENCE OF PH UPON THE FLUORESCENCE OF MIXTURES OF 2-HYDROXYSTIL- 
BAMIDINE AND NUCLEATES (ALL SAMPLES ARE FILLED TO 25 ML. WITH H,O) 
FLUORIMETRIC READING AFTER 
ADDITION OF 
2 ML. NA 
NUCLEATE 2 ML. DNA | 


2 ML. RNA 








(30 MG. %) |(380 MG.%)|(30 MG.%) PH 
1 ml. 2-OH stilb. 10 mg. % 35 68 45 $.8 -5.8 
1 ml. 2-OH stilb. 10 mg. % + 1 drop N/50 HCl 89.1 92 59 4.2 -4.67 
1 ml. 2-OH stilb. 10 mg. % + 1 drop N/10 HCl 97.2 97 62 3.5 -3.6 
1 ml. 2-OH stilb. 10 mg. % + 1 drop N HCl 94.5 100 98 2.5 -2.58 
1 ml. 2-OH stilb. 10 mg. % + 2 drops 2N HCl 65.8 104 79 2.20-2.47 
1 ml. 2-OH stilb. 10 mg. % + 3 drops 2N HCl 56.0 62 64.5 1.56-1.85 


HCl. However, in contrast to HCl addition, acid buffers actually decrease the 
fluorescence of a mixture of 2-hydroxystilbamidine and nucleie acid as a com- 
parison of Table V and Table II, 1, 2, and 3 shows. This effect is evidently 
not due to the change of the pH but to the addition of sodium phosphate and 
sodium acetate which as such decrease the fluorescence of the mixture. 


TABLE V. INFLUENCE OF PHOSPHATES AND ACETATES UPON THE FLUORESCENCE OF MIXTURES 
OF 2-HYDROXYSTILBAMIDINE AND NUCLEATES (ALL SAMPLES ARE FILLED TO 25 ML. WITH H,O) 


FLUORESCENCE 


MEASURED | PH 
1 ml. 2-OH stilb. 10 mg. % 15 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. phosphate buffer (pH 5.8) (et 5.81 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. phosphate buffer (pH 5.8) 22:5 5.81 
+ 2 ml. Na nucleate 30 mg. % 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. phosphate buffer (pH 5.8) 19.4 5.80 
+ 2 ml. RNA 30 mg. % 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. phosphate buffer (pH 5.8) 33.5 5.81 
+ 2 ml. DNA 30 mg. % 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. acetate buffer (pH 4.8) 18.5 4.81 
1 ml, 2-OH stilb. 10 mg. % + 10 ml. acetate buffer (pH 4.8) 42.2 4.80 
+ 2 ml. Na nucleate 30.mg. % 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. acetate buffer (pH 4.8) 43.1 4.80 
+ 2 ml. RNA 30 mg. % 
1 ml. 2-OH stilb. 10 mg. % + 10 ml. acetate buffer (pH 4.8) 29.5 4.79 
+ 2 ml. DNA 30 mg. % 
F 
) Even addition of NaCl to a solution containing 2-hvdroxystilbamidine and 
: sodium ribonucleate decreases the fluorescence (Table VI). Although the shift 


- | pH is to the acid side and should thereby increase the fluorescence, the read- 
- ig in (2), Table VI, is lower, which must be an effect of the salt concentration 
s such. NaCl has the same effect on 2-OH stilbamidine samples to which RNA 
e or DNA has been added. 

This is the reason the influence of the pH on the fluorescence of these mix- 
es can be better examined by addition of HCl than by buffering. 


E VI. INFLUENCE OF NACL UPON THE FLUORESCENCE OF MIXTURES OF 2-HYDROXYSTIL- 
BAMIDINE AND NUCLEATES (SOLUTIONS FILLED UP TO 25 ML. WiTH H,O) 





eae hie || FLUORESCENCE 
( | ml. 2-OH stilb. + 2 ml. Na nucleate 4 ae 5.71. 
| ml. 2-OH stilb. + 2 ml. Na nucleate + 10 ml. N/15 NaCl 28.2 5.29 
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When the building stones of nucleates, i.e. purines, pyrimidines, ribose, 
desoxyribose, ete., are added, singly or all together, to a 2-hydroxystilbamidine 


sample, no effect on its fluorescence is seen. 


The same holds true for adenosine. 


These substances cannot replace the nucleates as far as the influence upon the 


fluorescence of 2-hydroxystilbamidine is concerned. 
Experiments With Stilbamidine—Whereas addition of nucleates to 2-hy- 
droxystilbamidine solutions increases the fluorescence, the effect of ribonucleates 


on the blue fluorescence of stilbamidine solutions is just the reverse. 
tion of Na nucleate, RNA, and DNA, results in a marked decrease of the 


fluorescence of stilbamidine solutions (Table VII, 1 to 4). 


TABLE VII. 


St we CO DD 


ch fh fom fe fe feed 


ml. stilb. 
ml. stilb. 
ml. stilb. 
ml. stilb. 


The addi- 


INFLUENCE OF ADDITION OF NUCLEATES UPON THE FLUORESCENCE OF STILBAMIDINE 
(Att SAMPLES ARE FILLED TO 25 ML. WITH H,O) 


phosph. Buffer 


7. 1 mi. stilb. 10 mg. % 


phosph. Buffer 


8. ] 
phosph. 


9. 1 ml. stilb. 10 mg. % + 
1 ml. stilb. 10 mg. % 


ml. stilb. 


Buffer 


acetate buffer 


acetate buffer 


10 mg. % + 2 


10 mg. &% 
10 mg. % + 
10 mg. % + 
10 mg. % 
ml. stilb. 10 mg. % 
ml. stilb. 10 mg. % 


C7 9 


2 ml. Na nuel. 30 mg. 
2 ml. RNA 30 mg. % 
2 ml. DNA 30 mg. % 
10 ml. phosph. buffer 
+ 2 ml. Na nucel. 30 mg. % 


2 ml. RNA 30 mg. % 
ml. DNA 30 mg. % 


10 ml. acetate buffer 
+ 2 ml. Na nuel. 30 mg. % 


11. 1 ml. stilb. 10 mg. % + 2 ml. RNA 30 mg. % 


+ 10 


ml. 
ml. 


ml. 


ml. 


ml. 


| FLUORESCENCE | 


MEASURED 
50 
14.5 
14.8 
Ae Be 3 
53.0 
40.6 


41.9 


PH 
a> ae 


JV0G 
5.68 


5.81 


The influence of sodium nucleate is about the same as that of ribose nucleic 


acid. 


Thus, it could be foreseen that a slight increase of the acidity does not 


change the depressing influence of sodium ribonucleate and ribose nucleic acid 
Increasing acidity, obtained by addition 
of HCl, hardly influences the fluorescence of pure stilbamidine solutions and 
only becomes apparent when 1 ml. of concentrated HCl is added (Table VIII). 


upon the fluorescence of stilbamidine. 


Addition of small amounts of HCl to mixtures of stilbamidine and sodium 
nucleate or nucleic acid solutions also does not change the fluorescence (Table 


bo 


of the nucleates upon the fluorescence of stilbamidine neutralized. 


TABLE VIII. 


=... 


ml. 
ml. 
ml. 
ml. 
ml. 
ml. 


Only when larger amounts of HCl are added is the depressing influence 


After addi- 


INFLUENCE OF PH UPON THE FLUORESCENCE OF STILBAMIDINE (ALL SAMPLES 





stilb. 
stilb. 
stilb. 
stilb. 
stilb. 
stilb. 


ARE FILLED TO 25 ML. WITH H,O) 


10 mg. % 





| FLUORESCENCE 





10 mg. % + 1 drop N/50 HCl 
10 mg. % + 1 drop N/10 HCl 


10 mg. % + 1 drop N HCl 
10 mg. % + 3 drops 2N HCl 
10 mg. % + 1 ml. cone. HCl 


| MEASURED PH 
50 4.74 
56.6 4.99 
56.4 3.63 
58.3 2.41 
58.8 1.84 
71.8 0.46 
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tion of 1 ml. of concentrated HCl the fluorescence of the mixture of stilbamidine 
and nucleates is, if anything, higher than the fluorescence of a pure stilbamidine 
solution plus coneentrated HCl. 


TABLE IX. INFLUENCE OF PH UPON THE FLUORESCENCE OF MIXTURES OF STILBAMIDINE AND 
NUCLEATES (ALL SAMPLES ARE FILLED TO 25 ML. WITH H,O) 


| FLUORIMETRIC READINGS AFTER ADDITION OF 
| 2ML.NA_ | 
| 
| 
| 





NUCLEATE 2 ML. RNA 2 ML. DNA 

(30 MG. %) | (80 MG. %) | (30 MG. %) PH 
1 ml. stilb. 10 mg. %* 18.0 17.2 17.3 4.9 -5.7 
1 ml. stilb. 10 mg. %* +1 drop N/50 HCl 17.0 22.0 19.3 4,22-4.6 
1 ml. stilb. 10 mg. %* + 1 drop N/10 HCl 15.8 25.8 22.7 3.51-3.64 
1 ml. stilb. 10 mg. %* + 1 drop N HCl 33.7 37.4 28.8 2.43-2.60 
1 ml. stilb. 10 mg. %* + 3 drops 2N HCl 55.4 57.7 52.2 2.03-1.70 
1 ml. stilb. 10 mg. %* + 1 ml. cone. HCl 82.6 88.9 65.3 - 





*1 ml. stilbamidine 10 mg.% without addition of a nucleic acid derivative fluorimetric 
reading 50. 


Addition of alkali (1 drop N/50 and 1 drop N NaOH) diminished the 
fluorescence of stilbamidine solutions and also of mixtures of stilbamidine and 
Na nucleate. One milliliter of 10N NaOH abolished the fluorescence practically 
completely. 

In contrast to the action of HCl, addition of an acid buffer increases the 
fluorescence of mixtures of stilbamidine and nucleic acid derivatives (Table VII, 
5to11). This reduction of the depressing effect of the nucleates on the fluores- 
cence of stilbamidine is mainly to be ascribed to the presence of the buffer salts 
as such and not to the change of the pH. This is shown in Table X where no 
buffer but only NaCl is added to the mixture of stilbamidine and sodium 
nucleate. 


TABLE X,. INFLUENCE OF NACL UPON THE FLUORESCENCE OF MIXTURES OF STILBAMIDINE AND 











NUCLEATES 
— _—_ me — = ee e — ee = 
FLUORESCENCE 
7 MEASURED | PH 
(1) 1 ml. stilb. 10 mg. % + 2 ml. Na nuel. 14.7 5.4 
(2) 1 ml. stilb. 10 mg. % + 2 ml. Na nucl. + 10 ml. N/15 NaCl 28.6 5.8 








Although in this sample the small pH shift to the alkaline side should 
rather depress the fluorescence of the mixture of stilbamidine and nucleate, 
here is an inerease due to NaCl which is present in equimolar concentration as 
ne phosphates of the buffer. Increase of NaCl concentration induces a further 

se in the fluorescence of stilbamidine samples to which nucleates have been 
ided. 

The presence of nucleates in solutions of amidines only influences a fluores- 
nee which already exists before the addition of nucleates. When nucleates 
e added to a pentamidine solution, which is a nonfluorescent diamidine, no 

iuoreseence sets in. 
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DISCUSSION 

Study of unstained fixed smears and sections of organs of animals treated 
with 2-hydroxystilbamidine reveals the presence of large amounts of a fluorescent 
substance in the nuclei, evidently 2-hydroxystilbamidine. 

In contrast to this strong nuclear fluorescence, after injections of stilbami- 
dine at best only a faint fluorescence of the cytoplasm and nucleus can be dis- 
covered. 

This result was unexpected since chemical analysis proved that different 
organs contain comparable amounts of diamidine irrespective of whether stil- 
bamidine or 2-hydroxystilbamidine is injected. Moreover, stilbamidine fluoresces 
much more strongly than does 2-hydroxystilbamidine in aqueous solution. In 
addition it was seen that the intensity and the color of the fluorescence of these 
diamidines when present in tissues are different from the fluorescence of these 
substances in watery solutions. Stilbamidine in watery solutions has a strong 
and blue fluorescence, in tissues, a faint whitish fluorescence. On the other hand, 
2-hydroxystilbamidine in watery solutions has a faint reddish fluorescence, in 
tissues, a strong vellowish-white fluorescence. 

It was found that addition of nucleic acid derivatives to solutions of these 
diamidines influences the fluorescence considerably. The fluorescence of. stil- 
bamidine is quenched, that of 2-hydroxystilbamidine is increased by the addition 
of sodium nucleate, ribose nucleic acid, or desoxyribose nucleic acid. This ob- 
servation could at least partially explain why the fluorescence of microscopic 
sections and smears of organs of animals injected with 2-hydroxystilbamidine 
is so much stronger than after injection with stilbamidine. It still remains pos- 
sible that in addition 2-hydroxystilbamidine penetrates into the nuclei in larger 
amounts than does stilbamidine. The introduction of a hydroxy group often 
increases the penetrating power of a chemical compound. 

It was then found that changes of pH influence this phenomenon and that 
the results mentioned here hold true only at a pH of about 6. Addition of small 
amounts of HCl which depress the pH to ranges never found in the living or- 
ganism increases the fluorescence of a mixture of 2-hydroxystilbamidine and 
nucleic acid derivatives. Equimolecular quantities of alkali depress the fluores- 
cence of such mixtures. The effect of these nucleic acid derivatives upon the 
fluorescence of 2-hydroxystilbamidine is abolished by addition of concentrated 
HC 1 or strong alkali and is greatly reduced by addition of either neutral salts 
or acid buffers. 

In contrast to the increase of fluorescence caused by acidification, addition 
of alkali has a depressing influence upon the fluorescence of 2-hydroxystilbami 
dine solutions mixed with nucleic acid salts. 

Small quantities of HC] do not change, but larger amounts of HCl neutral 
ize the depressing influence of ribose nucleic acid, sodium ribonucleate, an 
desoxyribose nucleic acid upon the fluorescence of stilbamidine. 

Addition of small amounts of alkali diminished not only the fluorescenc: 
of stilbamidine solutions but also of mixtures of stilbamidine and sodium nu 
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cleate. Addition of 10ON NaOH abolished the fluorescence completely. Addition 
of salts neutralizes the depressing influence of sodium nucleate upon the fluores- 
cence of stilbamidine solutions. 

The components of the nucleates (purines, pyrimidines, ete.) added singly 
or jointly have no effect on the fluorescence of aromatic diamidines. 

The presence of nucleates will only affect the pre-existing fluorescence of 
the diamidines; it will not create this property in an otherwise nonfluorescent 
diamidine. 

SUMMARY 

The presence of fluorescence in the nuclei of methyl aleohol-fixed myeloma 
cells after injection of 2-hydroxystilbamidine led to the study of fluorescence 
of organs after injections of fluorescent diamidines. 

After injections of 2-hydroxystilbamidine the nuclei of the cells of liver, 
kidneys, adrenals, and other organs are strongly fluorescent. After stilbamidine 
injections, the fluorescence of these cellular elements is only faint. 

This result was not expected because stilbamidine in watery solutions 
fluoresces much more strongly than 2-hydroxystilbamidine. In addition it was 
observed that whereas watery solutions of 2-hydroxystilbamidine have a red- 
dish fluorescence, it shows up in tissues as a yellowish-white fluorescence. Stil- 
bamidine fluoresces blue in watery solutions, but has a white fluorescence when 
it is deposited in tissues. 

It seemed possible that conjugation of diamidines with nucleie acid within 
the cells and the cell nuclei might explain part of these changes of fluorescence. 

It was found that addition of sodium nucleate, ribose nucleic acid, or 
desoxyribose nucleie acid increases the in vitro fluorescence of aqueous solutions 
of 2-hydroxystilbamidine. At the same time the addition of nucleates changes 
the color of the fluorescence of the 2-hydroxystilbamidine solutions from reddish 
to yellow. Addition of sodium nucleate, ribose nucleic acid, or desoxyribose 
nucleic acid diminishes the fluorescence of stilbamidine solutions. 

This result seems to indicate that conjugation with nucleic acid could be 
me of the reasons that tissues of animals injected with 2-hydroxystilbamidine 
fluoresce stronger than when stilbamidine has been injected. The possibility 
that a hydroxy compound such as 2-hydroxystilbamidine penetrates more easily 

vithin the fixed nucleus than stilbamidine can still be entertained. 

These results only hold true at a pH of about 6 because shifts of the pH— 

ir beyond the range found in the living organism—influence the fluorescence 

‘ samples of amidines to which nucleates have been added. Acidification with 
all quantities of HCl inereases the fluorescence of a 2-hydroxystilbamidine 
ition to which nucleic acid derivatives have been added. The same addition 
acid does not influence the fluorescence of mixtures of stilbamidine with 
leie acid derivatives. 


The influence of strong HCl, alkali, and salts upon these fluorescence 
nomena is discussed. 
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NONSPECIFIC INHIBITION BY SERUM AND URINE IN THE 
MICROBIOLOGIC ASSAY OF ANTIBIOTICS 
RutH BARKER GERSTUNG, B.A. 
Sr. Louis, Mo. 


INTRODUCTION 


ANY tests for antibiotic concentration in body fluids have assumed that 
all bacterial inhibition observed is due to the action of specifie antibiotic. 
Such a conclusion is not justified without adequate controls of the fluids 
tested. If it were possible without otherwise altering a body fluid to remove 
the antibiotic under investigation, or its effect, from part of the sample, this 
portion set up in a parallel series with the original fluid would control the spe- 
cificity of any inhibition observed in the latter. For each tube in the assay 
series there would be a corresponding tube in the control series whose com- 
position would be similar save for antibiotic. But since inhibition in the assay 
series represents the sum of antibiotic and all other growth-suppressing fac- 
tors present in body fluid, growth at the concentrated end of the control series 
is of greater significance than is growth in the tube corresponding to that in 
which inhibition begins in the assay series. Consequently, a single control tube 
containing at least twice the minimum amount of assay fluid producing inhibi- 
tion replaces the control series satisfactorily. In the assay of penicillin in 
body fluid, addition of a specific enzyme to a portion of the fluid disposes of 
the antibiotic without untoward effect on the test organism’s metabolism. The 
resulting penicillin-free fluid will support good growth when inhibition is due 
only to this antibiotic. In the absence of similar means to control specificity 
in the assay of other antibiotics, some current procedures propose the use of 
so-called normal or pooled normal fluids, or of a fluid from the same individual 
taken at some time before (pretreatment specimen) or just prior to administra- 
tion of the antibiotic (zero-hour specimen). Other procedures fail to mention 
specificity control. It is the purpose of this paper to present data showing to 
what extent nonspecific factors in body fluids may influence the outcome of the 
microbiologie assay of contained antibiotics and to suggest that most controls 
used may be inadequate. 


METHODS AND RESULTS 


Unless a control, identical with the assay series, except for the property 
ing assayed, supports good growth of the test organism, the assay measures 
re than the antibiotic in question and gives a false high result. The impor- 
nee to the final result of both the nature and the concentration of medium com- 
ients should also be stressed. Use of the simplest adequate medium increases 

sensitivity of the test organism to the antibiotic. * This permits greater 
ution of the unknown and thereby decreases the two chief nonspecific errors, 
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namely (1) enhancement or (2) inhibition of the growth of the test organism. 
Nutrient broth Difco B3, brought to pH 7.8 with NaOH before autoclaving, 
fulfills these requirements and was used in the tests here reported. It yielded 
satisfactory growth in four to six hours with each of the six test organisms 
studied—a density of + 2 x 10° per milliliter—and appears to be adequate with- 
out supplying an excess of nutrients. An excess of the latter may diminish 
antibiotic inhibition possibly by providing alternate pathways along which vital 
cell processes may proceed. As to its adequacy, in scores of tests this medium has 
never failed to yield good growth in the “growth control”—a tube accompanying 
each run, which was treated identically with the assay tubes except for omission 
of the specimen being assayed. Because of this fact, such inhibition as occurred 
in our assay series was attributed to the assay specimen, viz., body fluid. How 
much of this inhibition is due to the antibiotic contained and how much to native 
body fluid components should be determined. In fact, the burden of proof rests 
upon those who assume inhibition to be due solely or even largely to antibiotic. 
Confirming this statement, two tables are presented which compile data obtained 
here in studies preliminary to antibiotic level determinations in children. 


TABLE I, ANTIBACTERIAL EFFECT OF TWENTY-FOUR DRUG-FREE URINES 





URINE:BROTH | VISIBLEGROWTH | _____—___—CTEST ORGANISMS © 


RATIO IN 24 HR. “B. CEREUS #5 _—| PS. PYOCYANEA #67| £E, COLI 68-64 
co a - a 7 24.:,:C~C~C~‘i‘C:;«*W — 
18* 0 
iss 17 
- 7¢ 
1:4 nt 
5 
1:10 4 1 
1:16 x 1 
o } 
1:64 4 1 
= 3 
1:128 4 0 
3 


*Only six of these were tested in higher dilution. 
+Only five of these were tested at 1:10. 


In Table I are shown the antibacterial effects of twenty-four drug-free urines 
upon three test organisms. The urines were diluted with nutrient broth in the 
ratio indicated and inoculated with organisms from young broth eultures t 
approximately 10* per milliliter final concentration. Readings are called posi 
tive or negative according to presence or absence of growth, visually determined 
after twenty-four hours’ incubation at 37° C. Seven normal urines, or 29 pe 
eent, diluted 1:3, inhibited the Escherichia coli, and at least 17 per cent dilute: 
1:10 prevented growth of this strain. Eighteen or 75 per cent of these urine 
at 1:2 dilution inhibited Bacillus cereus t5. Further dilution of six of thei 
showed that 17 per cent (and possibly up to 50 per cent) inhibited this strai 
at 1:32, and at least three (1214 per cent) still exerted their antibacteri: 
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TABLE IT. NUMBER OF NORMAL SERA YIELDING GROWTH OF VARIOUS TEST ORGANISMS 
IN TWENTY-FouR Hours 














MAXIMUM SERUM: | 
BROTH RATIO E. COLI KL. PNEUM. | KL. PNEUM. STAPH, B, CEREUS 
YIELDING GROWTH 6864 067 9997 | SMITH #5 
1:6 9 6 9 9 (ratio 1:4) 
1:12 1 | 2 | , 
1:25 6 6 2 
1:50 3 2 
1:100 1 2 
<1:200 3 l | 3 3 
<1:500 9 | 








effect when diluted 1:128 under the conditions of this experiment. Were all 
inhibition noted here attributed to antibiotic, one could reach a false conelu- 
sion as to the amount present. 

Table II shows the titration of twelve normal, drug-free serums against 
five test organisms, expressing as end point the maximum concentration of 
serum permitting growth in broth under standard assay conditions. Serial 
dilutions beginning with 1:6 were used. Decreasing amounts of fresh, sterile 
serum were brought to 0.9 ml. with nutrient broth and inoculated with 0.1 ml. 
broth containing +10‘ organisms from young broth cultures. These were incu- 
bated at 37° C. together with a growth control tube from which the serum 
was omitted but which was in every other respect identical. After twenty- 
four hours they were read as positive or negative according to visible turbidity. 
The results show considerable variation in the inhibitory properties of serums 
with respect to a single organism. They also emphasize the variability in the 
degree of antibacterial effect of individual serums toward different test or- 
ganisms. That this is not a specific antibody effect is suggested by the observa- 
tion of the variation in degree of inhibition of Klebsiella pneumoniae 9997 by 
five serum samples from the same normal individual obtained at intervals dur- 
ing an eighteen-day period as follows: Maximum serum concentration permit- 
ting growth, Feb. 7, 1-20; Feb. 10, 1-3; Feb. 15, 1-10; Feb. 20, 1-25; Feb. 25, 
1-12. It seems most unlikely that specific antibody would show such fluctua- 
‘ions as this in an eighteen-day period. 

Inhibition of growth of bacteria, under various circumstances, has been 
eported due to ecarbamates,’? unsaturated amino acids,* metallic ions,® and 
‘mino acids. 7 In one of the last cited cases,® as little as 0.2 ug per milli- 
ter DL-isoleucine completely inhibited Streptococcus bovis under certain con- 
itions. The likely presence of traces of such substances in the serum or 
her body fluid may explain the variable and pronounced inhibitory effects 

body fluids upon test strains of bacteria observed in these experiments. If 
s be the ease, it becomes no less necessary than difficult to devise and include 
quate controls. Admittedly, such controls present formidable problems 

‘ifying continued efforts toward a solution. Meanwhile, accuracy would be 

ed by qualifying results not adequately controlled. 


SUMMARY 


Of sixty combinations of normal serums with bacteria under standard bio- 
conditions, twenty-nine, or barely half, yielded growth at a 1:12 or 
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evreater concentration of serum, while one-third were still negative at 1:25 


serum to broth ratio. 


A considerable number of drug-free urines prevented growth of two test 


organisms at dilutions within the usual bio-assay range. 


These data emphasize the need for adequate control of specificity of the 


inhibition attributed to antibiotic in the microbiologic assay of the body fluids. 


Wide divergence between individual samples with respect to antibacterial in- 


tensity throws considerable doubt on the assay results attributed to antibiotics 


when normal or pooled body fluids are used as controls. 
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THE TOXIC EFFECT OF BUFFERED SALINE SOLUTIONS ON 
THE VIABILITY OF BRUCELLA ABORTUS 
G. C. bE MELLO, B.A., I. S. DANIELSON, PH.D., AND J. S. Kiser, Px.D. 
PEARL River, N. Y. 


> 


HE toxicity of so-called ‘‘physiologie’’ 
organisms has been described in the early literature but its use as a men- 
struum for bacterial dilutions in viability testing has not been outmoded in some 


saline solution for various micro- 


laboratories. Ficker (1898), working with Vibrio cholerae, was probably the 
first to eall attention to the destructive effect of saline solution, and his findings 
were confirmed by Winslow and Falk (1918), Zeug (1920), Legroux and Eliava 
(1921), and others. Flexner (1907), and later Shearer (1916), reported that 
the toxie effect of NaCl on Neisseria meningitidis could be practically neutral- 
ized by adding salts of calcium and potassium. Using Bacillus cereus as a test 
organism, Winslow and Brooke (1927) observed that approximately 99 per cent 
of the viable cells were destroyed when held for one hour at 37° C. in distilled 
water, physiologie saline, or Ringer-Locke solutions. They reported that the 
addition of nutrient broth, peptone, or meat extract inhibited this destruction. 
Gerhardt (1949) found that distilled water, physiologic saline, and phosphate- 
buffered saline at pH 6.2 were unsatisfactory diluents for Strain 19 of Brucella 
abortus in his studies on respiration. For viability determinations on lyophil- 
ized Br. abortus vaccines prepared with this strain, Verwey (1944) employed 
tryptose broth as a diluting fluid. Zobell and Meyer (1932) showed that the 
optimum osmotic pressure for Brucella lies in the range of 6 to 7 atmospheres 
but that the inhibitive concentration of sodium ion is about 0.8 per cent. These 
relationships were determined in the absence of proteins or protein degradation 
products. No requirement by Brucella for sodium or potassium ions has been 
unequivocally shown to exist since all synthetic media have included both ions, 
but the recent work of MacLeod and Snell (1950) in which the requirement by 
Lactobacilli for potassium ion is shown to be increased by the presence of sodium 
x” ammonium ions has interesting implications with regard to the buffered saline 
solution used in this study since it contained no added potassium ions. 
In the routine viability testing of Br. abortus vaccines, the standard prac- 
ice is to prepare serial dilutions of the test samples in 100 ml. volumes of a 
‘nosphate-buffered saline solution. Each dilution is mechanically shaken at 
om temperatures for five minutes and the terminal dilutions are streaked on 
‘eco tryptose or serum-potato agar plates. After incubation of these plates 
four to five days the viability count is estimated by multiplying the observed 
my count by the reciprocal of the dilutions plated. In our experience with 
s technique, viability counts on many lots of commercial. vaccine were fre- 
ntly very low and variable in comparison with counts determined from 
tions in peptone diluent. These discordant results led us to examine the 
method. 
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MATERIALS AND METHODS 


Strain 19 of Br. abortus, obtained from the United States Bureau of Animal Industry, 
was used throughout this study. Test samples included vacuum-dried vaccines prepared by 
three commercial producers and liquid suspensions prepared from freshly harvested three-day 
growths on potato agar. 

Viability counts were made on vaccine dilutions prepared either in buffered saline or in 
peptone diluent. The buffered saline solution had the following composition: NaCl, 8.5 Gm.; 
NaH,PO,.H,O, 0.460 Gm.; and Na,HPO,, 0.225 Gm. dissolved in 1 liter of distilled water; 
this solution had an approximate pH of 6.3. The peptone diluent contained 1 per cent peptone 
(Difco Bacto or freshly prepared peptone) and 0.5 per cent NaCl; the pH of this solution 
was about 6.6. Several lots of both preparations were tested. 

Serial dilutions of the vaccines were prepared in volumes of 10 ml. and mixing was done 
with a pipette. This permitted the preparation of eight dilutions of 1 x 10-1 through 1 x 10-8 
in about two minutes. Viability counts recorded in the tables for 0 minutes were made im 
mediately after mixing. Numerous tests were also made with mechanically shaken dilutions 
in volumes of 100 milliliters. Tryptose agar (Difco) plates which had been incubated over 
night were used in all tests. Earlier comparative tests with serum-potato agar and tryptose 
agar had shown that the choice of plating media did not explain wide discrepancies in viability 
counts, Usually 0.05 ml. of 1 x 10-7 and 0.1 ml. of 1 x 10-8 dilutions were used as the plating 
inocula for each count. Duplicate streak plates were made for each dilution and the colonies 
were counted after five days of incubation at 37° C. In a few instances the plates prepared 
from dilutions in buffered saline were held in the incubator for as long as twelve days with 


out observable increases in the number of colonies. 

RESULTS 
When high dilutions of Br. abortus in buffered saline were held at room 
temperatures there was a progressive decrease in the number of viable cells. 
Several samples of commercially produced vaccines were restored from the dried 
state with their accompanying diluent and parallel sets of dilutions were pre- 
pared in buffered saline and peptone diluent. The 1 x 10-7 and 1 x 10°° plating 
dilutions were held at room temperatures (25 to 30° C.) for periods up to forty- 
five minutes and were plated every fifteen minutes. The viability counts in 
billions of organisms per milliliter, are reported in Table I. The dilutions in 


TABLE I. VIABILITY COUNTS ON B. ABORTUS VACCINES AFTER HOLDING DILUTIONS AT 
MEDIUM AND LOW TEMPERATURES 


VACCINE LOT 
A-] a-2 A-3 B <2 es 
pp | Bs | pp | BS | PD | BS | PD | BS | PD | BS | PD | BS 

RILLIONS OF VIABLE ORGANISMS PER ML. oma 


18.6 17.2 11.6 135 10.0 11.7 13.6 12.4 


25-30° C. O min. 16.4 13.6 18.5 18.3 
15 min. ‘ : 12.8 a o 3.1 - ™ 
30 min. 17.2 5:2 66 185 108 113 4.1 10.0 2.2 14.6 5.0 
45 min. 0.0 ’ 5.5 0.0 i 

4-7° C. Omm. 16.4 13.6 18.5. 18.3 18.6 17.2 11.6 13.5 10.0 11.7 13.6 12.4 
15 min. : 20.5 : . 10.7 z x 
30 min. 14.6 11.7 ; 17.4 17.0 14.3 10.7 8.4 8.8 6 184 13.9 
45 min. : Di ese Raae . ‘ r 11.2 7.4 - 


Lots A-1, A-2, and A-3 were vacuum-dried products of commercial producer A. 
Lots B and C were vacuum-dried products of commercial producers B and C. 
Lot D was a freshly harvested suspension of organisms. 

PD, Dilutions in peptone diluent. BS, Dilutions in buffered saline. 
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buffered saline showed losses in viable cells of 46 to 72 per cent after fifteen 
minutes’ holding, 31 to 81 per cent after thirty minutes, and 70 to 99 per cent 
after forty-five minutes. Dilutions prepared from samples of freshly harvested 
eells (Lot D) suffered losses of the same magnitude. The destruction was less 
marked when the dilutions made in buffered saline were held at 4 to 7° C. in 
an ice bath before plating. No appreciable loss in the number of viable cells 
was observed when the suspensions of bacterial cells were held in peptone diluent 
under the same conditions of time and temperature. I*urther tests indicated 
that dilutions in peptone diluent could be held at room temperatures for at 
least two hours without significantly altering the viability count. 

Although viability counts on Br. abortus vaccines are reported in billions 
of organisms per milliliter, it will be appreciated that these values are caleulated 
from the number of viable units present in plating inocula which usually eon- 
tain only about 10 to 200 organisms. The low survival rate in buffered saline 
of about 1,000 cells per milliliter is illustrated in Table II. Destruction of 


TABLE II. SurvivAL RATE or B. Aportus IN Two DinutTING FLUIDS At RooM TEMPERATURES 


VIABLE CELLS PER ML. 


PEPTONE DILUENT | BUFFERED SALINE 
Initial - 70 © — a 
10 min. 850 830 
20 min. 900 740 
30 min. 850 550 
40 min. 790 260 
50 min. 750 200 
100 min. 720 20 


viable cells began in less than 10 minutes and continued until only about 2 per 
cent remained at the end of 100 minutes. Comparable losses were also observed 
in lower dilutions. When dilutions in buffered saline containing 103,000 cells 
per milliliter were held for thirty minutes and sixty minutes at room tempera- 
ture, the viability counts were reduced by 70 per cent and 98 per cent respec- 
tively. On the other hand, concentrated suspensions of 100 million or more 
cells in buffered saline appeared to withstand the destructive action of this 
menstruum for prolonged periods. This may have been due to a sufficient con- 
centration of protective substances carried with the cells. 

The toxicity of buffered saline was greater with increase in time of exposure 
and temperature. This was illustrated by testing a batch of commercial vaccine 
inder controlled conditions of time and temperature. When held for thirty 

inutes in buffered saline at 4 to 12° C. there was no significant decrease in the 
mber of viable cells; at 18 to 21° C. the loss was 25 per cent, while at 27 to 

C. it reached 86 per cent. 

Additional tests indicated that distilled water, unbuffered saline, Ringer’s, 

ke’s, and Tyrode’s solutions were not appreciably better than buffered saline 

maintenance of viability. The addition of ash from peptone to the buffered 
ne was without effect, but the addition of 0.2 per cent gelatin improved the 
ility counts. In one test the toxicity of buffered saline appeared to be 
ralized by addition of Tween 80 in a concentration of 1:2,000. 
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The following evidence suggests that the reduction of viable units in 
buffered saline may be due to a bactericidal effect. (1) We observed no evidence 
of clumping of bacterial cells when they were examined in stained or unstained 
preparations under the bright field microscope and the phase microscope. (2) 
The destructive effect appeared to be irreversible. The viability of cells sus- 
pended in buffered saline could not be restored by subsequent dilution and 
holding in peptone diluent. (3) The same reduction in viability was observed 
whether the terminal dilutions were inoculated on the surface of agar in streak 
plates or incorporated in the molten agar of pour plates. The use of the latter 
technique would rule out the possibility that the inoculated cells may have dried 
out in buffered saline on the agar surface before colonial growth could be 
initiated. 

Further evidence of the toxicity of buffered saline to Br. abortus was noted 
after comparing the sizes of colonies developing from cells held in buffered saline 
and in peptone diluent at 25° C. for thirty minutes. After two days of incu- 
bation the colonial growths of the former were less than half the size of those 
inoculated from the peptone diluent. Measurements with a standardized ocular 
micrometer showed that following forty-five hours of ineubation the colonies 
developing from dilutions in peptone diluent averaged 153 » in diameter and 
increased to 1,325 in ninety-two hours. Those developing from cells surviving 
in buffered saline measured 57 » after forty-five hours and 790 » after ninety- 
two hours. Examination of stained smears revealed no significant changes in 
size, staining properties, or morphology of the individual bacterial cells from 
these stunted colonies. Retardation of colony growth was not observed when 
the buffered saline inocula were held at 4 to 6° C. before plating. 

Peptone diluent appears to be a more suitable diluting fluid for use in 
Br. abortus vaccine testing. No multiplication of cells of Strain 19 was noted 
in this solution during any reasonable period which might be required for 
viability testing. To determine the time required for initial growth, tubes 


‘ABLE III. GrowtTi RATE or B. ABORTUS (STRAIN 19) IN PEPTONE DILUENT 


VIABLE CELLS PER ML. 


TIME (HR. KOOM TEMP. (27° Cc.) or < 
0 1,500 1,620 
0.5 1,660 
l 1,420 1,300 
2 1,320 910 
54 S20 630 
5 SOO 550 
6 660 480 
7 590 300 
S 720 330 
y 560 390 
10 390 360 
13 P50 900 
16 300 990 
24 520 8,490 
30 1,020 Too numerous to count 
32 1,130 Too numerous to count 
{8 4,980 Too numerous to count 


Too numerous to count Too numerous to count 
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of peptone diluent containing 1,500 viable cells per milliliter were incubated at 
27° C. and 37° C. and counts were made at frequent intervals. There was a 
drop in the number of viable cells after two hours at either temperature. This 
latent phase, with a gradual decrease in numbers, continued until the twenty- 
fourth hour at room temperature and the thirteenth hour at 37° CC. At 27° C. 
the lag phase was observed between twenty-four and forty-eight hours and 
logarithmie division began between forty-eight and fifty-four hours. At 37° C. 
incubation temperatures, the lag period was evident at the thirteenth hour and 
logarithmie growth phase began between twenty-four and thirty hours. The 
viability counts are reported in Table III. 


SUMMARY 


The use of phosphate-buffered saline solution as a diluting fluid in the 
determination of viable cells in Br. abortus vaccines is not justified because in 
high dilutions of the vaccine rapid destruetion of organisms occurs in this 
menstruum. 

The toxicity of buffered saline to Br. abortus appeared to be a function 
of temperature and time of exposure. The lethal effeet was more pronounced 
with increase of either variable. Temperatures above 18° C. for more than fif- 
teen minutes were distinctly destructive. The evidence suggests that the re- 
duced viability counts were due to a bactericidal effect of this diluting solution. 

Peptone diluent gave excellently reproducible counts with no significant 
changes over a two-hour period at the same working temperatures. 
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THE EFFECT OF COMBINATIONS OF ANTIBIOTICS ON PSEUDOMONAS 
AERUGINOSA AND ON PROTEUS VULGARIS, IN VITRO AND IN VIVO 
C. W. J. ArRmstronG, M.D., Pxa.D., anp A. E. LARNER, M.S.A. 
OTTAWA, CANADA 
INTRODUCTION 

ECENT published reports on antibacterial activity of different antibiotics 

show great variation in the susceptibility of pathogenic organisms be- 
tween and also within species. 2? To date the two gram-negative bacilli 
Pseudomonas aeruginosa and Proteus vulgaris have been shown to be among the 
organisms most refractory to this type of therapy.** Infections by the latter 
have been controlled in some eases with streptomycin; relapses, however, are 
frequent. Examination of data on in vitro sensitivity determinations on these 
two species reveals that the resistanee of these organisms to antibioties is not 
absolute. It is admittedly difficult to compare directly figures quoted by various 
authors since it is not always clear whether bacteriostatic or bactericidal con- 
centrations are quoted and experimental conditions, such as inoculum size, in- 
fluence the apparent sensitivity of organisms. Examination of such data 
furthermore suggests that the concentration of drug required for inhibition 
may be only slightly greater than that actually attained, or that it may be 
possible to attain, at the sites of infections in the tissues. Whence it appeared 
desirable to conduct a study of results of exposure of these organisms to one 
or more such agents simultaneously. 

Our choice of suitable antibacterial drugs for this purpose was governed by 
the following considerations. (1) Use of readily available drugs of relatively 
low toxicity whose antibacterial activity is not too adversely affected by body 
fluids. (2) Preference was given to drugs which ean be given systemically 
rather than to those whose use is limited to local applieation. (3) Drugs which 
are capable of bactericidal effect were chosen to result in more thorough eradieca- 
tion of infection. (4) As the two species of organisms mentioned frequently are 
the cause of intractable urinary tract infections and this study was partl 
instigated by a desire to improve the treatment of such infections if possible, 
drugs which appear in high concentration in urine were selected. (5) Wher 
possible, drugs which induce rapid development of drug resistance on the part 
of the organisms were avoided. 

On these bases the drugs chosen were the antibiotics aureomyein 
chloramphenicol, penicillin, dihydrostreptomycin, and terramyein. Whil 
serial studies of reduction in organism counts may give a dynamic picture o 
drug effect, it was considered preferable for our purpose to choose th 
variables so that the desired information would be expressed in terms of dru 
coneentrations, which are after all of more direct use to the clinician. Sens 
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tivities (bactericidal) of several strains of each species to these drugs were 
therefore determined using the drugs singly, in pairs, and three at a time. 
Combinations giving more favorable responses were then tested in vivo using 
infected mice. 

MATERIALS AND METHODS 


Sensitivities to these antibiotics* used singly, and in combinations, of each of seven 
strains of Ps. aeruginosa and of each of four strains of P. vulgaris isolated from the urine 
of patients with urinary tract infections were estimated using a serial twofold tube dilution 
method. Tubes containing 1 ml. of yeast extract broth and antibiotic in the desired con- 
centration were inoculated with one drop of a 1:10 dilution of twenty-four hour cultures 
of the test organisms. Preliminary plate counts showed the organism population to be re- 
markably constant in these inocula. After twenty-four hours of incubation at 37° C. the 
tubes were examined visually for the minimum drug concentration inhibiting growth (bac- 
teriostatic concentration). As it was felt highly desirable to work in terms of bactericidal 
concentrations, an agar subculture was made from each of four or more tubes in the series 
adjacent to the last tube showing growth. These subcultures were examined after twenty- 
four hours of incubation for the slant, corresponding to the weakest drug concentration, 
showing no growth (bactericidal concentration). With combinations of antibiotics, the ratio 
of concentrations used in the broth was determined by that found to be bactericidal when 
the drugs were tested individually. 

For the in vivo experiments, albino mice, 18 to 22 grams in weight, were infected with 
an intraperitoneal injection of 0.5 ml. of mixed culture either of the seven strains of Ps. 
aeruginosa or of the four strains of P. vulgaris. The mixed cultures were made from equal 
proportions of twenty-four hour cultures of each strain. Before infection of the mice, each 
mixed culture was diluted by an amount, constant for each species, sufficient to result in the 
death of all mice within forty-eight hours of infection in absence of drug. This injection 
was followed immediately by an intraperitoneal injection on the opposite side of the animal’s 
abdomen of 0.5 ml. of sterile solution containing the drug (or drugs) in the desired con- 
centration. Six hours later the therapeutic injection was repeated intraperitoneally in the 
same dosage. Deaths within twenty-four and forty-eight hours of infection were tallied, and 
again ten days after infection. In each test a control series was infected but received no 
drug. Ten mice were used for every test. Originally intravenous and subcutaneous therapeu 
tie injections were planned; this latter procedure would have required considerable pre- 
liminary investigation and adjustment of doses depending on the distribution of the various 
antibiotics in the mouse. As we are primarily interested in demonstrating whether or not 
some in vivo circumstance prevents the favorable response elicited in vitro to certain of 
the drug combinations, simple intraperitoneal therapeutic injections were used. 

RESULTS 

The results of in vitro estimations of antibiotie sensitivity for Ps. aeruginosa 
ire given in Table I. To save space, average figures with ranges are tabulated. 

From the results in Table I it is clearly seen that with Ps. aeruginosa cer- 

in drug combinations result in a very marked reduction in the magnitude of 
e minimal bactericidal concentration of each antibiotic used. For the aureo- 
cin-terramyein combination it approximates a twelvefold average reduction 
d for the chloramphenicol-terramycin combination the reduction approaches 
efold. These combinations were accordingly used in the in vivo experiments. 
Penicillin with dihydrostreptomycin resulted in a reduction of the bactericidal 

*These drugs were generously supplied by the following companies: aureomycin hydro- 

ride by Lederle Laboratories, chloramphenicol by Parke, Davis & Company, crystalline 


‘illin G sodium by Merck & Co., Ltd., dihydrostreptomycin sulfate by Merck & Co., Ltd., 
‘amycin hydrochloride by Chas. Pfizer & Co. 
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TABLE I, BACTERICIDAL CONCENTRATIONS FOR SEVEN STRAINS OF Ps, AERUGINOSA 
(AVERAGE VALUES; RANGES IN BRACKETS; uG/ML. ) 











DRUG A ; Cc P Ss | i 
A 0 
& 160 
25-250 
‘g 1.7M 
L.SM-6M 
S 14M 
950->125M 
T 140 
(62-250) 
AC SO SO 
80) (SO 
AP 15 5.3M 
12-50 1.5M-6M 
AS 52 13M 
12-100 125-62M ) 
an 10 50 
6-12 (31-62) 
cP 200 5.5M 
(6-200 90-6M 
arn 40 2.3M 
(4-125 125-10M) 
CT* 25 12 
22-45 (11-22) 
PS 3.5M 3.5M 
156-10M (156-10M) 
PT 3.4M 110 
2.5M->5M (< 75-150) 
ST 6M 50 
(62-31M (15-125) 
ACS 12 75 1.6M 
(1.5-12 (9-75 200-3M ) 
ACT 7 15 22 i 
(5-10 (30-60 (15-30) 
AST* 3 30 6 
(25-5 25-50) (5-10) 
CST 29 37 1] 
99) 37 (11) 


{ 


A, Aureomycin; C, chloramphenicol; P, penicillin; S, dihydrostreptomycin; T, terramycin. 


M, X 1,000. 
*Optimal combination. 


concentrations of each, but these were still relatively high. The triple com 
bination of aureomyein-dihydrostreptomyein-terramycin also shows great reduc 
tion in required concentration, but if two drugs prove adequate for our purpose 
there is no good reason for exhibiting three, especially as one of these, dihydro 
streptomycin, leads to rapid development of resistance in these organisms 
The results with penicillin in dual combinations did not appear to justify its 
trial in triple combinations. It is noteworthy that there is one case of apparen 
drug antagonism; viz., the chloramphenicol-penicillin combination shows 

slightly increased average bactericidal concentration when the drugs are use 
together. The corresponding values for the individual strains (not shown 
indicate more definite antagonism between chloramphenicol and penicillin fe : 
some of the strains of Ps. aeruginosa. 

The antibiotic sensitivity as determined in vitro for the four strains 
P. vulgaris are given in Table II. From Table II it is also clearly seen th 
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certain combinations result in a considerable reduction in the magnitude of the 
minimal bactericidal concentrations of each antibiotic used. Aureomyein- 
dihydrostreptomyecin and dihydrostreptomyecin-terramyein average eightfold 
decreases. Triple combinations were again less promising except for aureomycin- 
dihydrostreptomycin-terramycin which approximates a fifteenfold reduction in 
concentration as compared to individual sensitivities. In the combinations re- 
ported here no apparent antagonism between the drues was noted. 


TABLE II. BACTERICIDAL CONCENTRATIONS FOR FOUR STRAINS OF P. VULGARIS 
(AVERAGE VALUES; RANGES IN BRACKETS; “G/ML. ) 


DRUG A © P S = 
A LSO 
(125-200) 
Cc 40 
(15-62) 
P 13 
12-15 
Ss 200 
(200) 
dy 400 
(125-500) 
AC ys: 15 
(62-125) (12-25 
AP 90) 5 
(90) (S 
AS* 30 95 
(25-50) (25) 
AT 90 90 
(50-100) (50-100) 
CP 30 ‘i 
(10-40) 2-10 
CS 18 90 
(10-20) (50-100) 
CT 20 125 
20) (125) 
PS 3 60 
(3-6) (50-100) 
rT 5 200 
i>) (200) 
ST* 40 40 
(25-50) (31-62) 
ACS 40 12 40 
(30-60) (10-20 (30-60) 
ACT 30 8 75 
(20-40) (5-10 (50-100) 
AST* 20 10 22 
(12-30) (7-12) (15-30) 
CST 15 30 60 
(10-20) (20-40) (40-80) 


\, Aureomycin; C, chloramphenicol; P, penicillin: §, dihydrostreptomycin; T,:-terramycin. 
*Optimal combination. 


Results of the in vivo experiments with Ps. aeruginosa are given in Table 
Kach figure is the average of several tests. The data in Table III show 
the most promising in vitro combinations for Ps. aeruginosa are likewise 
ive in vivo to a degree more than might be expected on the basis of 
val rates with single drug therapy. This is especially true of the dual 
inations. As these results showed the aureomycin-terramyein and Chloro- 
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mycetin-terramyecin combinations to be so favorable, treatment with an 
aureomycin-Chloromyeetin-terramyecin combination was tried without par- 
ticularly beneficial results. 


TABLE IIT. MIcE SuRVIVING 10 Days AFTER INJECTION OF 0.5 ML. OF MIXED Ps. AERUGINOSA 
CULTURE. DruG INJECTION: 0.5 Mi. INTRAPERITONEALLY TWICE 


DRUG(S) DRUG CONCENTRATION (u¢G/ML., SURVIVING MICE OF 

USED A C Ss T 10 INFECTED 

A 50 

C 500 2 

S 50 1 

“hy 250 l 

AT 50 250 10 

CT 500 250 9 

AST 50 50 200 6 


Symbols as in Table I. 


Results of in vivo experiments with P. vulgaris are given in Table IV. 
Antibiotic combinations including dihydrostreptomycin were used, but for some 
unexplained reason this mixed culture of P. vulgaris strains which were in- 
dividually resistant to dihydrostreptomyecin in vitro proved to be very sensitive 
to dihydrostreptomyein in the infected mice. Drug injections containing as 
little as 25 pe per milliliter of dihydrostreptomycin were repeatedly found to 
protect nearly all mice, although untreated controls always died within twenty- 
four hours of infection. 


TABLE IV. Mice Survivine 10 Days AFTER INJECTION OF 0.5 Mu. OF MIXED P. VULGARIS 
CuLTURE. Drug INJECTION: 0.5 Mu. INTRAPERITONEALLY TWICE 


DRUG(S) DRUG CONCENTRATION (#G./ML. ) SURVIVING MICE OF 
USED A s T 10 INFECTED 
A 100 ; 0 
S 2.5 ] 
5 ly 150 0 
AS 100 2.5 3 
ST 2.5 150 3 
AST 100 2.5 100 8 
AT 100 100 5 


Symbols as in Table II. 


DISCUSSION 


The sensitivities to individual antibioties presented here are somewhat lower 
than some reported in the literature. This may be due to one or more of the 
following variables. In this work a fairly heavy inoculum has been used; it is 
also well known that increasing the period of incubation makes a drug appear 
less effective than otherwise.® It is very likely that some of the patients from 
whom these organisms were isolated had already received penicillin and/o! 
streptomycin, thus boosting the resistance to one or both of these drugs. Un 
fortunately, there is no way of checking this point with certainty at this date 
If this is a factor, it only increases the value of this study in that relatively 
resistant organisms were used. The comment is frequently made on work o 
this kind that it favors the preparations which are more stable in aqueou 
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solution, e.g., dihydrostreptomyecin as compared to a drug like aureomycin. 
One is interested in relative efficacy, however, and experiments of this kind do 
not invalidate such a comparison. Furthermore, if a drug is unstable in 
aqueous solution at 37° C., there is no a priori reason to suppose that it will 
be more stable in the animal body. 

With respect to differences between effective bacteriostatic and_ bac- 
tericidal concentrations we found appreciable differences with only two of the 
antibiotics used. For aureomyecin on Ps. aeruginosa the bactericidal concentra- 
tion was approximately five times the bacteriostatic concentration, and 
terramycin showed an approximately eightfold difference between inhibiting and 
lethal concentrations for both species of organisms. 

Just why certain combinations should be more effective than others is not 
clear at the present time. In the ease of two antibioties of similar antibacterial 
‘‘spectra,’’ e.g. aureomyein and terramyein,®? and possibly with similar modes of 
action which show enhanced activity when used together, it might be proposed 
that the advantage of the combination lies in concentrating the therapeutic 
forces, as it were, at one point in a metabolic chain, resulting in more complete 
inhibition. On the other hand, in the ease of two antibiotics believed to have 
dissimilar modes of action (e.g., dihydrostreptomycin as compared to any one 
of the others) which show more than the expected arithmetic increase in effect 
when used in combination, it might be suggested that here the two drugs are 
blocking serial steps or alternative metabolic pathways, thus effecting more 
complete inhibition. Reciprocal cross resistance might, on theoretical grounds, 
be less likely to develop in such eases. 

The phenomenon of apparent drug antagonism was observed with the 
chloramphenicol-penicillin combination when used against Ps. aeruginosa. It is 
interesting that Jawetz and co-workers’? found this same combination of drugs 
to show evidence of mutual antagonism when used with enterococci. In this 
connection, of twenty-five dual combinations of nine drugs ineluding the five 
antibioties used here and also tyrothricin, Furacin, Mandelamine and _ pro- 
flavine on six species (Ps. aeruginosa, Staphylococcus aureus, Streptococcus 
faecalis, Escherichia coli, Alcaligenes faecalis and P. vulgaris) practieally no 
cases of definite drug antagonism were observed." 

The in vivo experimental results could perhaps have been made more 
direetly comparable to the in vitro tests if in the ease of the former the antibiotic 

oncentrations required to give a certain percentage survival of mice were com- 

ared when the drugs concerned were given singly and in combination, e.g., as 

n an ED,, basis. This, however, would have involved the consumption of many 

‘ore animals without yielding information which would be of appreciably more 
lue with respect to the successful treatment of patients. It is doubtful if in 
se experiments a longer course of therapy would have resulted in a greater 
vival rate as most of the deaths recorded occurred in the first twenty-four 
irs following infection, which coincides with the period of therapy given. 

We have no explanation to offer for the unexpected in vivo sensitivity to 

ydrostreptomyein of the mixed P. vulgaris culture; this observation was made 

eatedly, yet all controls died. Table IV clearly shows that with P. vulgaris 
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the favorable results obtained with certain in vitro combinations were not re- 
produced in vivo. Price and associates'* have observed, however, that in only 
about 50 per cent of cases can in vitro results be duplicated in vivo. Certain 
observations can, however, be made. Dihydrostreptomyecin appears in all of the 
optimum combinations. It was found that the dose-response data for dihydro- 
streptomycin alone in these P. vulgaris in vivo experiments were less consistent 
and also that the dose-response curve was relatively flat as compared with the 
eurves obtained for other drugs used singly. The results of suboptimal doses 
of dihydrostreptomyein are materially improved, however, by a supplement of 
either aureomyein or terramvyein as shown in Table V. The effects of aureomyein 
and terramyein appear to be more or less equivalent and complementary in this 
respect. Chloramphenicol was found to have no value as a supplement to sub- 
optimal dihydrostreptomyein therapy in these in vivo experiments. This ob- 
servation is further discussed below with regard to its possible elinical signif- 
icance. 


TABLE V. Mice Survivinc 10 Days AFTER INJECTION OF 0.5 Mu. oF MIXED P. VULGARIS 
CULTURE. DruG INJECTION: 0.5 Mu. INTRAPERITONEALLY TWICE 


DRUG(S) DRUG CONCENTRATION (4G./ML, SURVIVING MICE OF 
USED A S = i 10 INFECTED 
= 50 1 
S 5 f 
T 150 () 
AS 50 5 9 
ST 5 150 8 


Symbols as in Table II. 


It is conceivable that the marked decrease in bactericidal antibiotie con- 
centrations when two or more suitably chosen antibiotics are used in ecombina- 
tion might be of practical value in the treatment of infections due to these 
species. This eventuality seems particularly likely in view of the fact that 
heretofore it frequently has been possible in urinary tract infections due to 
either of these organisms to clear the urine of the offending organisms only 
temporarily, following the administration of a single antibiotic. This suggests 
that the single drug used failed to reach all sites of infeetion in effective hac- 
tericidal concentration. Simultaneous use of suitable combinations of drugs, 
then, where each is bactericidal in much reduced concentration should result in 


In other words, antibioties 


a greater zone of effective tissue ‘‘sterilization.’’ 
might be expected to diffuse into infected tissues in coneentrations at which 
both together are bactericidal if the proper combination of antibioties is selected, 
whereas such concentration of either drug alone would be ineffective. The fact 
that the drugs studied are all capable of systemic administration permits a 
wider range of clinical applications. There is the minor point that in certai 
cases by use of a combination of drugs, possibly in smaller total concentrations 
than if either were used alone, there might be some economie saving as the new 
antibiotics are still relatively expensive. In this connection it is interesting t: 
note that relatively more of some of these antibiotics is exereted in the urin 


when they are given in smaller doses.’ 
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With respect to treatment of P. vulgaris infections, on the basis of these 
in vivo experiments dihydrostreptomyecin appears to be the best single drug. 
While drug concentration is essentially uniform throughout the eulture medium 
in in vitro experiments, concentration gradients undoubtedly exist in living 
tissues during in vivo therapy, with the result that about the periphery of a 
region of drug action there will very likely be drug in suboptimal concentration. 
It is at such areas that a supplement of aureomycin or terramyein to dihydro- 
streptomycin might be of value in eliminating P. vulgaris infection. 

There is the possibility that if enhanced antibacterial effect with a particular 
combination of drugs is due to a similarity in their modes of action, then develop- 
ment by an organism of resistance to one antibiotic might result in a more or less 
automatie decrease in susceptibility of that organism to the seeond antibiotic 
(cross resistance). This, if true, could have unfortunate consequences in the 
clinical application of antibiotic combinations. Accordingly, a study of the 
development of resistance by the organisms to the antibiotics used in this in- 
vestigation, together with the incidence of cross resistance, has been made. This 
work will be reported more fully subsequently. It is sufficient to note here that 
with one exception no appreciable cross resistance was observed for these organ- 
isms when exposed to the antibiotics reported on here. There is the additional 
possibility that if two antibiotics show augmented antibacterial activity when 
used in combination, they might likewise in combination show an increase in 
some of their undesirable properties such as the ability to produce toxie re- 
actions. One of us took therapeutic oral doses of aureomyein, Chloromyeetin, and 
terramyein simultaneously every six hours for approximately four days without 
any observable ill effect except slightly increased mobility of stools. 

If this principle of combined antibiotic therapy is applied to clinical infee- 
tions due to these organisms it might be suggested that in order to reduce un- 
desirable side effects, expense, ete., the assessment be limited to dual combinations 
initially, when possible. Clinical trials to investigate the foregoing possibilities 
are in progress. 

In conclusion, the indiscriminate administration of an assorted salad of 
drugs is, of course, to be decried. The necessary laboratory investigation to 
select the optimum choice of drugs for combined use should be carried out in 
‘ach ease for the present time at any rate. Means whereby the amount of 
aboratory work necessary might be reduced to a minimum are being studied 

1 this laboratory. The use of antibiotic paper dises such as are now com- 
ercially available, but impregnated with two antibiotics, might conveniently 
‘applied for preliminary screening. 


SUMMARY 


The sensitivities of seven strains of Ps. aeruginosa and of four strains of 
vulgaris have been estimated in vitro in terms of bactericidal concentrations 
the five antibiotics aureomyein, chloramphenicol, penicillin, dihydrostrepto- 


cin and terramyein, used singly and in combinations. 
Certain antibiotic combinations were outstanding as indicated by a marked 
iction in the bactericidal eonecentration of each drug when used simul- 
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eously for all strains studied. It was possible to duplicate the enhanced 
tericidal effect of such combinations in the treatment of mice experimentally 


infected with Ps. aeruginosa. Results of drug combinations, favorable in vitro, 


‘e reproduced to a lesser extent in the P. vulgaris in vivo experiments. 
The results are diseussed and the probability that such drug combinations 


may provide a basis for the more successful therapy of stubborn clinical infee- 


is due to these species of organisms is outlined. 


Technical assistance by Miss Eleanor Higgins and Miss K. M. Fitzpatrick with sensitivity 


estimations and in vivo experiments respectively is gratefully acknowledged. 
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THE EOSINOPHILE RESPONSE IN CHRONIC DISEASE 


AND MALNUTRITION 


Louis O. BRENNER, M.D.,* S. O. Waire, M.D.,** anp MicHaEt G. Wout, M.D.*** 
PHILADELPHIA, PA, 


INCE Selye introduced the concept of the ‘‘ Adaptation Syndrome,’’! we are 

becoming increasingly aware of the role of the adrenal cortical hormones 
in the pathogenesis of many disease processes. However, the investigation of 
the physiologie state of the adrenal gland during these diseases is only in its 
infaney, and methods for evaluating its function are as yet few and of limited 
significance. One of the tests generally considered to be a reliable index of 
adrenal cortical function is the eosinophile response to epinephrine stress.2. In 
our work with chronically ill, malnourished patients, we were interested in 
determining their reaction to this test as a possible index of their adrenal 
cortical activity. 

METHODS 


The patients were on the nutrition project at the Philadelphia General Hospital and 
were selected because of physical and laboratory signs of malnutrition and hypoproteinemia 
as evidenced by history and physical evidence of recent weight loss, anemia, and general 
debility, and chemical evidence of serum albumin level below 4.1 Gm. per cent. Patients with 
endocrinopathies, hepatic disease, cardiac disease, diabetes mellitus, carcinoma, tuberculosis, 
and renal disease were excluded. Patients included those with such miscellaneous conditions 
as chronic leg ulcers, osteomyelitis, chronic rheumatoid arthritis, and vitamin deficiency dis- 
eases. They were given standardized diets and some were supplemented with additional meat, 
their diets being continued isocalorically by the adjustment of their carbohydrate ration. 

Eosinophile responses were obtained on sixteen fasting patients at weekly intervals using 
0.3 mg. of epinephrine as a stimulus. Their responses were compared with those of four 
normal physicians and technicians. Venous blood was used, and clotting was prevented by 
crystalline balanced oxalate mixture already in the collecting tubes. The blood was diluted 
1:20 in a white blood cell diluting pipette using the diluting fluid described by Randolph, 
ind the eosinophiles were counted within four hours of the bleeding in a 0.2 mm. deep Levy- 
‘lausser counting chamber with Fuchs-Rosenthal ruling. All counts were done in duplicate 

nd the mean of each pair was used. 


RESULTS 


Initial counts.—The initial cireulating eosinophile counts of each patient 
ow a large scatter, whereas the control group shows a fairly uniform repetition 
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TABLE I. MEAN AND STANDARD DEVIATION OF COUNTS IN EACH PATIENT 


SUMBER O} 
DETERMINA MEAN INITIAL STANDARD MEAN % STANDARD 
PATIENT rIONS COUNT DEVIATION FALI | DEVIATION 

] 6 154.4 77.8 27.3 23.3 
2 (j 399.8 78.9 ack 12:7 
2 (j 93.4 9.0 45.3 30.8 
{ 3 331.8 213.9 27.8 23.2 
5 | 142.5 o0.1 By 4 27.9 
6 6 395.3 Sa.0 $9.7 17.0 

7 l 418.3 15.7 - 
8 3 157.8 19.6 59.0 17.9 
ie) 6 130.2 17.3 29.6 16.5 
10 5 211.9 16.2 $1.5 32.6 
11 6 71.0 93.3 22 5 31.6 
12 5 116.3 74 55.3 210 
13 5 148.1 90.8 54.8 12.3 
14 5 133.9 17.5 18.0) 10.3 
15 6 137.0 14.0 13.8 19.9 
16 } 97.7 15.4 $(0).4 21.2 

Controls 
1 952.5 37.8 57.9 7.9 
9 3 57.3 16.0 75.8 8.1 
2 74.0 9,1 fe 9.3 
4 3 KP 6.6 67.3 6.1 
of these counts. (Table I.) When subject to the ‘‘t’’ test,* however, no 


significant difference in the variances could be found. 

Responses.—Here several facts become apparent. In the first place, there is 
marked variability in the responses of each patient on successive determinations 
(Table 1), whereas the control group gave uniform, repeatable responses under 
similar cireumstanees. Second, when these data are analyzed according to the 
‘t’’ test, the means of the two groups are found to be highly significantly differ- 
ent from each other (p<.01). The experimental group fell to the mean level of 
42.9 per cent which is considered to be an equivocal response to the test. 

When the means of all determinations on each patient are analyzed in a 
similar manner, the difference between the two groups remains highly significant, 
but the standard deviations are much smaller. 


DISCUSSION 


Initial counts.—No special significance can be attached to the scatter of 
the initial counts. Wide ranges have been reported in apparently normal people 
without an obvious explanation for the change. Furthermore, knowledge of 
the significance of the number of circulating eosinophiles is very incomplete, and 
therefore it is difficult to assess any variation in the initial counts in normal 
human beings. 

The results of the responses, however, are of importance. The control group 
had reproducible results on successive determinations and therefore show a low 
standard deviation. (Table II.) It can be seen that 97 per cent of the normal 
subjects will probably respond with a 50 per cent or greater fall in eosinophile 
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count—which is the ‘‘normal response.’’> On the other hand, more than one- 
third of the individual determinations in the ill patients were also in the normal 
range (over 50 per cent drop). 

Because of this large proportion of individual determinations of the ill 
patients which fell within the normal range, it was decided to take the mean 
of several determinations for each patient in order to reduce the probability of 
error in the interpretation of the test. In studying the means of these deter- 
minations, it is seen that there is still some overlap of results; but this is now 
reduced to 17 per cent of the patient group instead of more than one-third of 
the individual determinations. In other words, only 17 per cent of the means 
of several determinations in the patient group fall in the range between 50 
and 60 per cent drop. Four of our patients show such results, and on surveying 
their clinical condition, thev were found to be the least ill of the entire group. 


TABLE II. COMPARISON OF THE MEAN FIGURES FOR THE PATIENT AND CONTROL GROUPS WITH 
RESPECT TO RANDOM DETERMINATIONS AND SUCCESSIVE DETERMINATIONS PER PATIENT 


INDIVIDUAL DETERMINATIONS | MEAN OF SUCCESSIVE DETERMINATIONS 

| MEAN % STANDARD | MEAN % | STANDARD 

NUMBER | FALL DEVIATION NUMBER FALL | DEVIATION 
Patients 77 42.9 22.79 16 41.69 11.86 
Control 12 68.03 9.66 4 68.03 7.59 


In view of the fact that one-third of the individual determinations in 
chronically ill, malnourished patients will overlap into the range of normal 
people, and that when the mean of several determinations is used there is over- 
lap in only 17 per cent of the patients, we feel that a single normal value is 
inadequate to evaluate a patient by means of this test. Multiple determinations 
should be done, and the mean of these used for the final analysis. 

The reason for the ineonstaney of the response in patients with chronic 
illness is unclear. It has been shown that in these patients there is a slight 
diminution in the excretion of 17-ketosteroids, and the patients show an inability 


{ 


to respond to stress such as surgery with an increase as do normal people.® 
Sinee the eosinophile response has been demonstrated to be mediated through 
the adrenal cortex,” these results also lend additional evidence of an alteration 
in adrenal cortieal function in chronic illness, i.e., an inability of the gland to 
‘espond to stress as in the normal individual. 


SUMMARY AND CONCLUSION 


The circulating eosinophile response to 0.3 mg. epinephrine in sixteen 
ronieally ill, malnourished patients and four control subjects is reported. 
e malnourished patients seemed to have a wider range of per cent fall than 
normal subjects. The mean fall of individual determinations was significantly 
s than that of the control patients, falling in the range of equivocal response 
the test. Sinee there is a 38 per cent overlap with the normal of the in- 


dual, random determinations of the patients and only 17 per cent when the 
in of several determinations per patient is used, it is suggested that the 
er be used as an index of adrenal function in chronically ill patients. 
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It appears that chronically ill, malnourished patients have an impaired 
eosinophile response to epinephrine. 


The authors wish to thank Mrs. Barbara Sigmond for the statistical analyses in this 
paper. 
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SOME OBSERVATIONS ON THE L.E. CELL 


Apvo.LpH Suxksta, A.B., AND C, LOcKARD CONLEY, M.D. 
BALTIMORE, Mp. 


WITH THE TECHNICAL ASSISTANCE OF DorotHy BUSSING AND ANNA SEAY 


— Richmond, and Morton! in 1948 reported the occurrence of a 
peculiar cell in preparations of bone marrow from patients with acute 
disseminated lupus erythematosus. This cell, which they designated the L.E. 
cell, was subsequently observed to be present only in smears of marrow to which 
an anticoagulant had been added.?, When venous blood from patients with acute 
disseminated lupus erythematosus was similarly treated with anticoagulant, 
L.E. cells were found in the peripheral blood.2* A number of studies have 
been carried out to determine the specificity of these cells. °® While L.E. 
cells oceur frequently in patients with acute disseminated lupus erythematosus,” ° 
they have been said to occur in occasional cases of other diseases, including 
multiple myeloma,’ pernicious anemia in relapse,* ’ and leucemia.*® 

In the present study patients with disseminated lupus erythematosus and 
certain other disease states have been studied for the occurrence of the L.E. 
cell phenomenon. L.E. cells frequently were found in the blood and marrow 
of patients with disseminated lupus erythematosus, but as yet have not been 
encountered in patients with other diseases. With proper technique, L. E. cells 
were as readily demonstrated in the peripheral blood as in the marrow. Admix- 
ture of the blood or marrow with an anticoagulant greatly enhanced L. E. cell 
production, but the presence of anticoagulant was not necessary for the produc- 
tion of these cells. The formation of L. E. cells is an in vitro phenomenon, and 
2 definite interval of time is required for their appearance. 


METHOD 
Five milliliters of venous blood were placed in a dry test tube containing 1 mg. of 
eparin.* After mixing, the tube was incubated at 37° C. for thirty minutes. One milliliter 
the heparinized blood was transferred to a Wintrobe hematocrit tube and centrifuged 
1,000 r.p.m. for ten minutes. The buffy coat layer was then drawn off with a capillary 
pette and cover slip smears were prepared and stained with Wright’s stain. 
A similar procedure was followed with marrow, except that 1 ml. of aspirated marrow 
S used. 
At least the entire area of two cover slips was examined, using the low power objective 
he microscope. Smears were considered to be negative for L.E. cells if none of these 
s was found after about thirty minutes of careful search. The presence of L.E. cells was 
ays confirmed by the use of the high power lens. 


From the Clinical Microscopy Division, Department of Medicine, the Johns Hopkins Uni- 
ty and Hospital. 

Received for publication, Nov. 11, 1950. 

*“Sodium heparin (Lederle). Heparin as an anticoagulant is preferred to oxalate. Oxalate 
‘S greater distortion of the polymorphonuclear leucocytes, increasing the difficulty of 
tification of L.E. cells. 
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Smears of heparinized blood or marrow from 115 patients were examined 


. 
kk 
4. 


cells. 


Twenty-one patients had disseminated lupus erythematosus, 


five patients had discoid lupus, and six other patients were thought to have 


disseminated lupus erythematosus, but a definite diagnosis was not established. 


Tables I and II summarize the results of this study. 


TABLE I. 


NUMBER 


OF 
PATIE 


NTS 


20 é 


o* 


cells 


PATIENT 


*One 


were 


OCCURRENCE OF 


PATIENTS WITH 


BLOOD 


L.E. CELLS IN BLOOD AND MARROW BUFFY CoAT SMEARS FROM 115 
VARIOUS DISEASES 


MARROW 
NUMBER NUMBER 
EXAM- NUMBER | EXAM NUMBER 
DIAGNOSIS INED POSITIVE INED POSITIVE 
|Disseminated lupus erythematosus 20 14 16 10 
Disseminated lupus erythematosus 2 0 l 0) 
(asymptomatic remission) 
Possible disseminated lupus erythematosus 5) 0) 2 0) 
Discoid lupus erythematosus 5) 0 ] 0 
\Periarteritis nodosa 5 0 l 0 
Possible periarteritis nodosa } 0 2 0 
Acute rheumatic fever S 0 
Possible acute rheumatic fever | 0 
Rheumatoid arthritis 12 0 3 0 
Possible rheumatoid arthritis 2 (0) l 0) 
Dermatitis due to drug sensitivity 10 () 2 0 
Rheumatic heart disease Z 0 
‘-Tdiopathic’’ thrombocytopenic purpura 1 0 2 0 
Multiple myeloma 1 (0) 2 0 
Fever of unknown origin 3 (0) l (0) 
Miscellaneous diseases not related to lupus 23 0) 3 0 
of these patients was studied also during an exacerbation of the disease, and L.E. 
present at that time. 
TABLE II. CASES OF LUPUS STUDIED ror L.E. CELLS 
RACE 
AGI AND L.E. CELLS IN 
(YR. ) SEX DIAGNOSIS BLOOD MARROW 
31 WE Disseminate lupus erythematosus 
30 WF Disseminate | lupus erythematosus + 
17 WF Disseminated lupus erythematosus 
18 WF Disseminated lupus erythematosus + 
2) NF Disseminated lupus erythematosus 4 
35 WE Disseminated lupus erythematosus 
30 WF Disseminated lupus erythematosus 
9 WE Disseminated lupus erythematosus . - 
»g WE Disseminated lupus erythematosus + + 
71 WF Disseminated lupus erythematosus + | + 
40) WF Disseminated lupus erythematosus : 0 
36 NM Disseminated lupus erythematosus + 0) 
7 WF Disseminated lupus erythematosus + Not exam. 
22 WM Disseminated lupus erythematosus + Not exam. 
33 WE Disseminated lupus erythematosus 0 0 
62 WE Disseminated lupus erythematosus 0) 0) 
3] WF Disseminated lupus erythematosus 0 0 
21 WE Disseminated lupus erythematosus 0 Not exam. 
2 NM Disseminated lupus erythematosus 0) Not exam. 
50 NM Disseminated lupus erythematosus 0 0 
14 NM Disseminated lupus erythematosus 0) Not exam 
62 WF Discoid lupus erythematosus 0 0 
43 WM Discoid lupus erythematosus 0 Not exan 
15 WM Discoid lupus erythematosus 0 Not exan 
25 WF Discoid lupus erythematosus 0 Not exan 
] Discoid lupus erythematosus 0 | Not exan 
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In fourteen of twenty-one cases of disseminated lupus erythematosus, L.E. 
cells were demonstrated upon examination of the heparinized blood. In ten 
of these fourteen cases the cells were also seen in the marrow smears. L.E. 
cells were found in the blood of two patients, but a careful scrutiny of the hep- 
arinized marrow preparations failed to reveal L.K. cells or rosettes. Six patients 
with manifestations suggestive of disseminated lupus, and five with chronic 
discoid lupus erythematosus failed to show the phenomenon. 


re 





Ms Bp oo. 
ef @ @) 
a 
A B C. 
Fig. 1.—An L. E. cell (A) is contrasted with a polymorphonuclear leucocyte containing a red 


cell (B) and a “tart” cell (C) 


In this series, the number of L.E. cells and rosettes found on examination 
of the heparinized blood buffy coat smears roughly paralleled the number oceur- 
ring in the heparinized marrow buffy coat preparations from the same patient. 
In two cases the L.E. cell phenomenon was demonstrated in the peripheral blood, 
but not in the marrow. Only a rare L.E. cell was found in the blood smears in 
these instances and none of the cells was scen during a careful search of a cellular 
harrow smear. 

In the patients with acute disseminated !upus erythematosus who were 
treated with ACTH or cortisone, the number of L.E. cells and rosettes present 

the blood decreased, but disappearance of these cells during therapy was not 

vserved. There was no apparent relationship between the total white blood 
ell count and the number of L.E. cells seen in the buffy coat smear. 

Heparinized blood and marrow buffy coat smears from patients with dis- 
cases Other than lupus were examined. L.E. cells were not found in patients 
th a variety of diseases including periarteritis nodosa, acute rheumatic fever, 
umatoid arthritis, thrombocytopenic purpura, multiple myeloma, and derma- 
s due to hypersensitivity to drugs (sulfadiazine, sulfapyridine, propylthioura- 

odides, penicillin, gold, horse serum). 

In many of these cases structures superficially resembling L.E. cells were 
Among these were the so-called ‘‘tart’’ cells deseribed by Hargraves.' 
frequently, polymorphonuclear leucocytes containing a large clear vacuole 

vested red cells in various states of digestion were observed. (Fig. 1.) 

ole of Anticoagulant in the Formation of L.E. Cells —L.E. cells are not 

in direct smears of fresh blood or marrow. The observations of Hargraves? 
sted that the presence of an anticoagulant was necessary for the formation 
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of these cells. However, Lee and co-workers'® have reported the occurrence of 
L.E. cells in preparations made from clotted blood. An experiment was per- 
formed to determine whether these cells could be produced in the absence of an 
anticoagulant. 

On two occasions venous blood from a patient with acute disseminated lupus 
erythematosus was collected with a silicone-treated syringe and needle without 
anticoagulant. Five milliliters of blood were immediately placed in a silicone- 
treated Lusteroid tube. After twenty minutes the tube was centrifuged and 
cover slip smears were made from the buffy coat. [Examination of the smears 
revealed the presence of occasional typical L.E. cells. 

The result of this experiment demonstrates that L.E. cells may be formed 
in the absence of anticoagulant. 

Factor of Incubation in the Formation of L.E. Cells.—It is believed that 
formation of L.E. cells is the result of a phenomenon of phagocytosis." * 4 ®& § % 14 
Since the cells are not present in the cireulating blood, their production appar- 
ently occurs in vitro. Studies were carried out to determine the period of time 
required for the formation of L.E. cells. 

Blood from a patient with acute disseminated lupus erythematosus was 
mixed with heparin and immediately placed in an ice bath at 0° C. One milli- 
liter portions of the blood were transferred to eleven Wintrobe hematocrit tubes. 
These hematocrit tubes were removed individually from the ice bath, placed in 
a 37° C. water bath for a specific period of time, and were then replaced in the 
ice bath. Following this, the hematocrit tubes were centrifuged in a refrigerated 
centrifuge at 1,000 r.p.m. for ten minutes. Smears of the buffy coat were pre- 
pared in the usual manner. The results of this experiment are shown in Table 
Ii. 

In this experiment the formation of L.E. cells was completely inhibited by 
low temperatures. After blood had been chilled, a period of at least ten minutes 
of incubation at 37° C. was required for the formation of these cells. It is 
interesting to observe that an identical specimen of blood from this patient, 
not subjected to cold but incubated for thirty minutes at 37° C., contained many 
more L.E. cells than the specimen which had been exposed to cold prior to 
incubation. 


TABLE III. RELATIONSHIP BETWEEN PERIOD OF INCUBATION OF BLOOD AND THE APPEARANC! 
or L.E. CELLS* 


ea: | 
> 


TIME AT . 


‘ u. 
(MIN. ) PRESENCE L.E, CELLS 
= ‘ . - ie - i at - 
0 
2 0 
3 0 
4 0 
5 0 
8 0 
10 rs 
15 + 
20 Pere 
30 4 a 


In this experiment blood was kept at 0° C. prior to incubation at 37° C. 


























RAIS ehce 








SOME OBSERVATIONS ON THE L.E. CELL 601 


In all of the specimens incubated at 37° C. for one minute or longer, extra- 
cellular material closely resembling the homogeneous, purplish mass seen in 
L.E. cells was observed. The clustering of several polymorphonuclear leucocytes 
about a large, round, amorphous mass was first noted after thirty minutes of 
ineubation at 37° C. 

The inhibitory effect of low temperature on the formation of L.E. cells 
was confirmed in two additional experiments, similar to the one described. 

An experiment was performed to determine the period of incubation re- 
quired for maximal production of L.E. cells. Heparinized blood of patients 
with acute disseminated lupus erythematosus was incubated at 37° C. Portions 
of the blood were removed at 15, 30, 90, 120, 180, 300, and 420 minutes after 
the beginning of the incubation period. Buffy coat smears were prepared 
from each of these aliquots. L.E. cells were numerous in the preparation in- 
cubated for only fifteen minutes, and there was no detectable increase in their 
number with more prolonged incubation. 


COMMENT 


The frequent occurrence of L.E. cells in the marrow of patients with acute 
disseminated lupus erythematosus has been confirmed. The reported studies 
show, however, that these cells are at least as easily demonstrable in the periph- 
eral blood as in the marrow provided proper techniques are used. These cells 
could not be demonstrated in a large number of patients with disease processes 
thought to be related to lupus, such as certain rheumatic and hypersensitive 
states. In a variety of other conditions, presumably unrelated to lupus, these 
cells were not demonstrable. In patients with acute disseminated lupus, the 
number of cells decreased during therapy with ACTH or cortisone, but did not 
disappear from the blood. However, L.E. cells were not encountered in patients 
with disseminated lupus in asymptomatic remission. 
L.E. cells were not observed in direct smears of blood or marrow, even 
though they were abundant in smears prepared from heparinized specimens. 
The factors involved in the formation of these cells are obscure, but the experi- 
mental results demonstrate that anticoagulant per se is not necessary for their 
ormation. The appearance of L.E. cells was inhibited by cold. Following ex- 
posure to cold, a minimum incubation period of ten minutes at 37° C. seemed to 
» necessary for their production. However, after only one minute at 37° C., 

extracellular amorphous material characteristic of L.E. preparations was ob- 
rved. A period of incubation in excess of about fifteen minutes was apparently 
effective in increasing the number of L.E. cells formed. 

It is suggested that examination of peripheral blood by the technique de- 
ibed is a simple, practical aid in the diagnosis of acute disseminated lupus 
thematosus. 

SUMMARY 

Smears of heparinized blood or marrow from 115 patients with various 
diseases were examined for L.E. cells. The cells were found in fourteen of 
twenty-one eases of disseminated lupus erythematosus, but were not observed 
in any other condition. 
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L.E. cells were as readily demonstrated in smears of the buffy coat of 
peripheral blood as in marrow smears. 

Anticoagulant was not essential for the formation of L.E. cells. 

The formation of L.E. cells was inhibited by cold. 

Incubation of heparinized blood for fifteen minutes at 37° C. appeared ade- 
quate for optimal L.E. cell production. 


ADDENDUM 


Since this report was submitted, an additional group of 158 patients has been examined. 
Eleven patients had disseminated lupus erythematosus, and in six of these L.E. ceils were 
demonstrated in the peripheral blood. L.E. cells were found in the blood and marrow of two 
other patients whose clinical manifestations were compatible with lupus but in whom the di 
agnosis has not yet been established definitely. No L.E. cells were demonstrable in the blood 
of 145 patients with other miscellaneous diseases, including discoid lupus, rheumatoid arthri 


tis, and hypersensitive states. 
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ADRENOCORTICOTROPHIC HORMONE (ACTH) IN THE TREATMENT 
OF EXPERIMENTAL AIR-BORNE INFLUENZA VIRUS TYPE A 
INFECTION IN THE FERRET 


RicHarp B. Huui, M.D., ANp CLayron G. Loosui, M.D. 
Catcaco, IL. 


INTRODUCTION 


N A previous study it was found that ACTH in daily doses as high as 4 mg. 

had no beneficial effect on the course of experimentally produced air-borne 
influenza A virus infection in mice when treatment was begun twenty-four hours 
before inoculation with the virus.t. In addition, no essential difference was noted 
in the growth of virus in the lungs, the specific antibody response, or the pul- 
monary pathology in the treated and untreated animals. 

The mouse, although susceptible to the virus, does not manifest symptoms of 
the disease such as are seen in acute influenza in man. The ferret on the other 
hand does. This animal, when allowed to inhale a pathogenic strain of nebulized 
influenza virus, becomes acutely ill from twenty-four to thirty-six hours after 
exposure to the virus. The onset of influenza in this animal is characterized by 
listlessness, temperature rise, shivering, sneezing, coughing, grunting respira- 
tions and serous discharge from the nose and conjunctivitis. For this reason 
we have extended our studies employing the ferret in an effort to evaluate the 
effect of ACTH on the clinical manifestations of the disease in this animal. 


MATERIALS AND METHODS 


Fourteen young adult, male ferrets averaging approximately 1,200 grams in weighlit 
re employed. They were placed in individual cages and observed for one week before 
ey were infected. They were fed canned dog food with supplementary vitamin B complex 
| cod-liver oil. Also they were given fresh beef heart every other day. Throughout the 
riod of the study rectal temperatures were taken three times daily at 8:30 a.M., 4:00 P.M., 
1 9:30 P.M. 

To observe the physiologic effect of ACTH, frequent total white blood cell, eosinophil, 
differential counts were made.2,3 Other observations for evidence of increased adrenal 
vity were made on (a) variation in blood sugar values, (b) lipid content of the adrenal 
ids, and (¢) gross and microscopic appearance of the spleen and mesenteric lymph nodes 

e treated and untreated animals.6 

{In addition to noting the effect of ACTH on the signs and symptoms of influenza, 

vations also were made on (a) the presence of influenza virus in the nasal washings, 

eae, and lungs of treated and control animals killed six days after virus inoculation, (b) 

evelopment of chicken red cell agglutination-inhibition antibodies, and (c) the pathologic 

gs in the lungs of animals killed six, eleven, and nineteen days after inoculation. 
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Blood samples for antibody determination, blood cell counts, and blood sugar values were 


obtained by heart puncture before ACTH treatment began, before inoculation with the virus, 


and at one, three, six, ten, fourteen, and nineteen days after exposure to the virus. ‘To do this 
without resorting to anesthesia, two persons wearing heavy leather gloves held the animal 
by its legs on its back on a table with its head interested into a quart fruit jar. After 
clipping, the sternal area was cleaned with alcohol, dried, and a needle (20 gauge) was 
inserted though the sternum into the heart. From 3 to 5 ml. of blood were obtained at 
each bleeding. 


The Salk modification of the Hirst method for determination of chicken red cell agglutinin 


inhibiting antibodies was employed.7_ The fertile egg and mouse inoculation techniques were 


used for isolation of virus from the respiratory tract. 

The animals for virus isolation and pathologic study were killed by intraperitoneal 
injections of Nembutal.s After nasal washings were obtained, and specimens of trachea 
and lungs taken for virus isolation, the lungs were fixed intratracheally with Zenker-Formol 


solution. Specimens of nasal turbinates, spleen, mesenteric lymph nodes, and one adrenal 


from each animal were fixed in the same solution. After sectioning by the paraffin method, 


tissues were stained by hematoxylin-eosin-azure II method.9 The other adrenal gland was 
fixed in Bouin’s solution, sectioned by the frozen technique, and stained with sudan IIT for 
lipid content. 

At the beginning of the study the animals were divided into two groups, seven test and 
seven controls. The test ferrets each were given 6 mg. of ACTH* in buffered saline (1 ml. 
per injection) in three divided doses at approximately eight-hour intervals for seven days. 
The daily dose of ACTH was then increased to 9 mg. for another six days. The test animals 
received at the same time 1 ml. injections of sterile saline subcutaneously. 

After forty-eight hours of treatment the test and control ferrets were placed in 
individual small wire cages and exposed at the same time in a 120 liter chamber to nebulized 
virus. This method is employed routinely in this laboratory for infecting mice.19 The 
animals were exposed in two lots. The first lot (Ferrets 1, 2, 3, 4, 8, 9, and 10), consisting 
of four test and three control animals, were exposed for fifteen minutes to an atmosphere 
into which was nebulized 1.95 Gm. of a 10-3 dilution of mouse lung suspension of influenza 
A virus (PRS strain). A Graeser type atomizer was employed. The virus was nebulized 
into the chamber under a pressure of 500 mm. mercury during a twelve-minute period. The 
animals in the second lot (Ferrets 5, 6, 7, 11, 12, 13, and 14) were similarly exposed to 
2.08 Gm. of nebulized virus suspension of the same dilution. 

After inoculation the animals were weighed each morning, fed, and given fresh water 
three times a day with each temperature reading. At these periods of time observations 
were made concerning manifestations of illness such as Jethargy, lack of food and water 
intake, sneezing, coughing, labored breathing, nasal discharge and audible breathing an 
shivering. 

RESULTS 

The Effect of ACTH on the Clinical Course of Inflwenza.—All animals in 
the test and control groups began to be less active about eighteen hours afte 
exposure to the air-borne virus. By thirty hours they were sneezing, breat! 
ing heavily, and all had temperature rises as shown in Fig. 1. In forty-eig! 
hours all appeared acutely and severely ill. They failed to respond when tl 
room was entered and allowed themselves to be picked up without resistance 
or biting. At this time all exhibited spells of violent sneezing and grunting 
respirations. Nasal discharge with crusting of the secretions in the extern: |! 


_ *Kindly supplied by Armour Laboratories, Lot No. 128-105 which had a_ potency 
160 per cent of the Armour standard. It was prepared for administration in buffered sal 
as milliequivalents of the standard. 
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nares was noted to an equal degree in both the test and control animals. On 
handling, some of the ferrets in the test and control groups exhibited audible 
rhonehus breathing. 

Although the temperature elevation lasted in the majority of animals for 
only seventy-two hours, the animals appeared ill for approximately six days, 
after which activity gradually was resumed. As seen in Fig. 1, ACTH appeared 
to exert no influence on the temperature curves of the treated animals when 
compared with those of the controls. The peak of the temperature curves of all 
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Fig. 1—Temperature records of ACTH-treated and untreated ferrets during experimental 


influenza virus type A infection. 

animals was about the same degree and occurred from thirty-six to forty-eight 
hours after exposure to the infected atmosphere. All the animals lost weight 
during the influenza infection and the daily weight loss averaged approximately 
the same in the two groups. Thus, on the basis of temperature rise, nasal dis- 
charge, sneezing, labored breathing with audible rales, lethargy and anorexia, 
the ACTH-treated ferrets were equally as ill as the untreated controls. 
Virus Isolation Six Days After Air-borne Inoculation.—At this time all the 
animals still showed some signs of illness but the majority had begun to be 
more aetive and consume food. Ferrets 2 (test) and 8 (control) were bled and 
kilied by intraperitoneal injection of pentobarbital sodium. From each animal 

4 section of the mid-portion of the trachea, (b) left lower lobe of the lung, 
anc (¢@) nasal washings, obtained by injecting 5 ml. of broth through the trachea 
int the oral pharynx and collecting it at the external nares, were examined for 
influenza virus. 
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The lungs and trachea were ground in sterile sand and a 20 per cent and 
10 per cent suspension in broth respectively were prepared. A sample of these 
suspensions and of the nasal washings from the test and control ferrets were 
inoculated intranasally into groups of six mice. The mice all became ill and 
died within three and five days. At autopsy the lungs showed typical influenzal 
lesions. Others were inoculated and killed after three days for virus isolation. 
These also showed extensive pulmonary consolidations which were sterile on 
culture but showed high chicken red cell (CRC) agglutination titers (1:5,120 
to 1:10,240). That the lungs of the test and control animals contained a large 
amount of virus was shown by the fact that some of the mice inoculated intra- 
nasally with 10-* dilutions died within ten days and all showed extensive pul- 
monary consolidation. The nasal washings from the untreated ferret killed 
mice when inoculated intranasally with a 10-? dilution, whereas intranasal inocu- 
lation of a 10° dilution of nasal washings from the test ferret produced no 
deaths but multiple lobe consolidations such as seen when sacrificed at ten days. 





Passage of the lung and tracheal suspensions and nasal washings from the 
test and control ferret amniotically twice and then allantoically onee resulted 
in the development of high agglutinins (1:5,120) from all the different sources. 
To determine the specificity of the virus strains isolated from the nasal wash- 
ings, tracheae, and lungs of the test and control ferrets, CRC agglutination- 
inhibition tests were done, employing nonimmune and PR8 in:mune rabbit sera 
and pooled acute and convalescent ferret sera obtained from the animals in 
the experiment. As seen in Table I, both the immune rabbit sera and ferret 
convalescent sera showed marked CRC agglutination-inhibition antibody titers 
against the parent strain (PR8) of virus as well as those isolated from the 
different parts of the respiratory tract of the test and control animals. 





TABLE I. COMPARISON OF CRC AGGLUTININ-INHIBITION TITERS EMPLOYING PRS IMMUNE 
RABBIT AND CONVALESCENT FERRET SERA AGAINST THE PRS VIRUS AND VIRUS STRAINS 
ISOLATED FROM THE RESPIRATORY TRACTS OF THE TEST AND CONTROL FERRET 


RABBIT SERA | FERRET SERA 
| CONVALES- 
SOURCE ANTIGEN NONIMMUNE| IMMUNE ACUTE CENT 
PRS8-3-5 used for Allantoie 16 4,096 16 4,096 
inoculation Mouse lung 16 4,096 16 4,096 
Fe-2 test 
Nasal washings Allantoic 16 4,096 16 8,192 
Trachea Allantoie 16 4,096 16 8,192 
Lung Allantoic 16 2,048 16 8,192 
Lung Mouse lung 16 8,192 16 8,192 
Fe-8 eontrol 
Nasal washings Allantoic 16 4,096 16 8,192 
Trachea Allantoic 16 8,192 16 8,192 
Lung Allantoic 16 8,192 16 16,392 
Lung Mouse lung 16 8,192 16 8,192 


Effect of ACTH on the Development of CRC Agglutination-Inhibiting Anti- 
bodies.—As seen in Table I], CRC agglutination-inhibiting antibodies had be- 
gun to develop in both the test and control animals at six days after inoculation. 
They were still higher at ten, fourteen, and eighteen days. There was no de- 
monstrable difference in the time of appearance or the degree of titers in the 
sera of treated and untreated animals. 
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TABLE II. Errect or ACTH ON THE DEVELOPMENT OF CRC AGGLUTININ-INHIBITING 
ANTIBODIES AGAINST INFLUENZA A VIRUS (PRS STRAIN) DURING ACTIVE INFECTION* 


TREATED > l “UNTREATED 





| “DAY AFTER INFECTION | | DAY APTER INFECTION _ 
reRRET|O HR.|3 | 6 | 10 | 14 | 18 |FERRET|O uR.| 3 6 | 10 | 14 | 18 
l 32 32 512 4,096 4,096 8,192) 8 3216 3s Ce - - 
2 16 32 312 - - - eg 16 32 512 3,072 8,192 4,096 
3 16 32 1,024 4,096 = = 10 16 16 1,024 4,096 - - 
4 16 16 256 4,096 8,192 4,096) 11 16 32 1,024 4,096 ~ - 
5 16 32 512 4,096 8,192 16,000; 12 32 32 512 4,096 8,192 16,000 
6 16 32 512 4,096 8,192 8,192) 17 32 16 256 3,072 16,000 16,000 
rf 32 32 256 4,096 - —- | 14 32 16 1,024 4,096 4,096 6,138 


*The same lot of mouse lung virus suspension employed for air-borne inoculation was 
used in these determinations. 

Effect of ACTH on the Inflammatory Reaction Along the Respiratory 
Tract ,*— 

Nasal Mucosa: Histologically there was no difference in the appearance 
of the nasal mucosa of the test and control animal killed six days after infee- 
tion. The nasal air passages showed microscopically considerable mucous and 
cellular exudate. The mucosa in different parts of the nose showed varying 
degrees of repair. Ciliated epithelium was generally absent, however, and was 
replaced by cuboidal cells of several layers in thickness. The mucosal membrane 
was infiltrated with polymorphonuclear leucocytes and the submucosa was still 
edematous and infiltrated with inflammatory exudate cells of hematogenous 
origin. 





At eleven days after infection exudate was still present in the nasal pas- 
sages. Considerable repair of the nasal mucosa had oceurred, and patches of 
ciliated columnar epithelial cells were present. There were a few cells infiltrat- 
ing the submucosa. The nasal passages of the test and control animals killed 
at nineteen days showed complete recovery. A small amount of mucous exudate 
was present in the nares but it contained only an occasional exudate cell. The 
ciliated epithelial cells were completely restored. 

Tracheae: The histologic changes seen in the walls of the trachea of the 
test and control animals killed at six, eleven, and nineteen days were essentially 
the same, 

At six days there were areas of destruction and repair of the mucous mem- 
brane and infiltration of the mucosa and submucosa with inflammatory exudate 
cells. At eleven days repair was essentially complete with ciliated epithelial 
‘ells predominating. At nineteen days the tracheal mucous membrane showed 
‘omplete repair with numerous mucus-secreting cells as well as ciliated epithelial 
ells making up the epithelial lining. 

Lungs: At six days the lungs of both animals showed marked involvement 

ossly. Extensive areas of consolidation with atelectasis were present in all 

e lobes of the treated and control animal. When injecting fixative into the 

ngs it penetrated into the involved areas without difficulty, indicating that 

- ¢ ich of what appeared to be consolidation was atelectasis. Microscopically, an 
ensive pneumonitis was seen in the lungs of the animals killed at six and 
*The findings in the tissues of the respiratory tract in this series of animals were com- 
ed with those from infected ferrets sacrificed during previous unpublished studies of the 


thology of air-borne influenza in the ferret. Likewise, lungs from uninfected ferrets 
ificed during previous studies served as normal controls, 
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Fig. 2.—-Lower-power photomicrographs of lungs of ACTH-treated (A,B) and untreate 
(C,D) ferrets sacrificed at six (A,C) and eleven (B,D) days after inoculation with viru 
(Hematoxylin-eosin-azure II stain. X32.) ' 
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eleven days (Fig. 2, A, B, C, and D). Ina given lobe the areas of consolidation 
were not uniform but had a focal or lobular distribution. The areas of con- 
solidation microscopically were most pronounced in the region of the terminal 
and respiratory bronchioles and were scattered throughout the lung parenchyma 
in the deeper portions as well as in the subpleural regions as seen in Fig. 2, 
A, B, C, and D. 
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Fig. 3.—Average total white blood cell counts, per cent polymorphonuclear leucocytes, and 
total eosinophil counts in ACTH-treated and untreated ferrets. 


The extent of consolidation microscopically was the same in both the treated 
and untreated animals. Likewise there appeared to be no difference in the 
character of the alveolar exudate in the lungs of the test and control animals. 
In the six-day lesions a few polymorphonuclear leucocytes were present but the 
majority were mononuclear cells of varying shapes and sizes. The larger ones 
were phagocytic while the small ones resembled hematogenous lymphocytes. 
[In some areas fibrin and red blood cells were present in the alveolar exudate. 
The bronchial epithelial membrane showed evidence of repair but the walls were 
still infiltrated with exudate cells. At eleven days the cellular exudate consisted 
essentially of macrophages. The epithelial membrane was intact and showed 
many ciliated cells. In the lungs of the animals killed at nineteen days after in- 
culation certain areas of exudate in the alveolar ducts had begun to organize. 
some of these areas were very small, involving only the immediate adjoining 

veoli about the terminal bronchioles. The bronchial lining membrane was com- 
letely restored to normal in both the test and control animals. 


Effect of ACTH on the Peripheral Blood Counts.——That the ACTH in 
mounts given had a physiologic effect on the ferrets is indicated by the increase 
| total white blood cells and percentage of polymorphonuclear leucocytes and 

‘\rop in the eosinophil counts during the course of therapy compared to the 
counts in the control animals. Fig. 3 shows the average of the total eosinophil 
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counts in the test and control animals at the various times of determination. 


The average normal eosinophil count of the ferret was approximately 200 per 
cubic millimeter of blood. Although the circulating eosinophils in the test ani- 


mals did not disappear, they were reduced by 50 per cent or more and the reduc- 


tion was sustained during the course of ACTH therapy. The control animals 
showed an average drop in eosinophil during the active phase of illness ap- 


parently due to the stress of the disease itself. 
Effect of ACT'H on Cellularity of the Spleen and Mesenterte Lymph nodes.- 


Although they were not weighed, the spleens and mesenteric lymph nodes of 


the treated animals killed at six and eleven days after inoculation, or eight and 
thirteen days after beginning of treatment, grossly were definitely smaller in 


size compared to those of the untreated ferrets killed at the same time. The 
mesenteric nodes microscopically showed fewer cells and large reaction centers 


were seen in the follicles in the nodes of the treated animals. There was a 


striking depletion of the white cells of the red and white pulp of the spleens of 


the treated animals compared to the findings in the spleens of the untreated 
controls. This is shown in Fig. 4, A, B, D, and FE. At nineteen days after 
inoculation and one week after discontinuing treatment the spleens and mesen- 
teric lymph nodes of the test animals were essentially the same in gross and 
microscopic appearance as were those of the untreated ferrets (Fig. 4, C and E£). 

Effect of ACTH on the Inpid Content of the Adrenal.—Both the adrenal 
glands of the ferrets killed at six days were accidentally placed in Zenker- 
Formol solution, and therefore were unsuited for lipid examination. The glands 
of the two treated and untreated animals killed at eleven days after inoculation 
showed marked differences in the amount of lipid-staining material with sudan 
III. In the ACTH-treated animals only the cells of the zona glomerulosa con- 
tained sudanophil granules, whereas large amounts were present in the cells of 
both the zona glomerulosa and zona fasciculata of the control animals (Fig. 5, 
A and C). The adrenal cortex of the two test animals killed at nineteen days 
after inoculation (seven days after discontinuing treatment) again contained 
large amounts of sudan III staining substance similar to that seen in the cortex 
of the untreated animals (Fig. 5, B and D). 

Effect of ACTH on the Fasting and Postprandial Blood Sugar Values.- 
During the first part of the experiment only blood for fasting sugars was taken. 
When the sugar values were found to be essentially the same in the test and 
control animals, a comparison of the nonfasting values was made beginning 
thirteen days after infection. To obtain fasting and nonfasting blood sugars. 
food was removed from the cages at the time of the 9:35 p.m. treatment. The 
following morning after blood was drawn, the animals were fed* and give! 
ACTH and saline injections. From two to three hours later they were again 
bled as deseribed. As seen in Fig. 6, ACTH did not appear to influence th 
fasting blood sugar values compared to those in the untreated animals.  T! 
fasting blood sugars in both the test and control ferrets ranged from 95 to 14) 
mg. per cent with no apparent elevation caused by ACTH. However, the 
was a definite and marked postprandial hyperglycemia in the test animals wi!!! 


*They ate from 50 to 75 Gm. of canned dog food within the first half-hour after feeding 
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Mig. 4.—Low-power photomicrographs of spleens of ACTH-treated (A,B,C) and untreated 
) ferrets killed at six (A,D), eleven (B,E), and nineteen (C,F) days after virus 
ition. (Hematoxylin-eosin-azure II stain. X33.) 
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5.—Low-power photomicrographs of adrenal glands of ACTH-treated (A,B) an 
untreated (C,D) ferrets killed at eleven (A,C) and nineteen (B,D) days after virus inoculatio: 
(Sudan III stain. X41.) 
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little change noted in the nonfasting sugar values in the controls. The elevation 
in the nonfasting sugar values was present in the group three days after dis- 
continuing treatment. The hyperglycemic nonfasting sugar values were not 
demonstrated in the test animals one week after cessation of treatment as seen 
in Fig. 6. 
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Fig. 6.—Blood sugar values in ACTH-treated and untreated ferrets during course of influenza 
virus infection. 


DISCUSSION 

As in the case of air-borne influenza A infections in the mouse,t ACTH 
in daily doses of 6 mg. did not alter the course of this disease in the ferret. 
The animals in the treated group looked and acted as ill as those in the untreated 
group. ACTH had no effect on the temperature response to the virus infection. 
Likewise, it did not alter the pathologie process or the growth of virus in the 
air passages. The inflammatory process in the respiratory tract as noted at 
six, eleven, and nineteen days after inoculation in the test and contro] ferrets 
was the same as described by Francis and Stuart-Harris'' and Perrin and 
)liphant.!? Under the conditions of this study, ACTH did not prevent or hasten 
he antibody response to the virus infection. Whether longer treatment with 
\CTH before exposure .to the air-horne virus would have favorably altered the 
‘mptoms (temperature response), the growth of virus in the lungs, or the 

ithologie process is doubtful. 

That ACTH produced the appropriate stimulating effect on the adrenal 
ind of the treated ferrets is indicated by the changes in the total and differ- 
tial white blood cell counts during the course of treatment.?»* Likewise, the 
rked depletion of the lymphoid cells from the red and white pulp of the 

en in the test animals during treatment indicates an appropriate response.® 

adrenal glands of the animals killed eleven days after inoculation of the 
s and thirteen days after beginning of treatment with ACTH showed a 
ked depletion of stainable lipid material in the cells of the cortex as was also 
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observed in ACTH-treated mice! and which, according to others,’ indicates 
increased adrenal activity at the time the animals were sacrificed. A further 
indication that ACTH produced a good response is indicated by the postprandial 
hyperglycemia in the test animals,* although these values were obtained after 
the animals were on treatment for several days and after recovery from the 
disease. 


SUMMARY 


ACTH in 6 mg. daily doses did not alter favorably the temperature response 
and other ¢linical manifestations of experimental air-borne influenza A in the 
ferret. Nor did it alter the pathologie process or the growth of virus in the 
respiratory tract. Likewise, the antibody response as indicated by time of 
appearance and degree of rise during and following infection was the same in 
the ACTH-treated and untreated animals. 

On the basis of the study of the effect of ACTH on the course ot experl- 


mental air-borne influenza in the mouse! and ferret, there is no evidence that it 


has a place in the treatment of this disease in man 


The authors gratefully acknowledge the technical assistance of Miss Amy Boyd and 
Miss Mary McCarthy. Dr. Richard Landau and staff kindly carried out the blood sugar 
determinations. 
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THE EFFECT OF CORTISONE ON THE PATHOLOGIC: RESPONSES 
OF GUINEA PIGS INFECTED CUTANEOUSLY WITH 
FUNGI, VIRUSES, AND BACTERIA 
ALBERT M. Kiuigman, M.D., Pu.D., G. DouGLAs BAaLpripGre, M.D., 
GERBERT REBELL, AND DoNALp M. Pinuspury, M.D. 


PHILADELPHIA, PA. 


i ke secretions of the adrenal cortex have been shown to influence certain 
phenomena ot hypersensitivity. The symptoms ot atople allergic states 
asthma, hay fever) have been controlled by the administration of ACTH and 
cortisone. | Hypersensitivity to tuberculin and other bacterial antigens is 
depressed.4 The effect of cortisone on the reticuloendothelial and lvmphatie 
systems indicates an influence on the general responses of immunity, the nature 
of whieh is not vet well established. 

The present study has two objectives The first is to show the effeet of cortt- 
sone on some hy persensitivits reactions classified under the category of alli rgy 
of infection. The seeond objective is to observe the course of eertain viral, 


fungus, and bacterial infections which incite this tvpe of sensitivity. The par 


ticular infections selected were those in which there is some evidence of ‘Sim 
munity ** on reinfection. 

In the present investigation the diseases studied were (1) dé rmatophytosis, 
2) vaeeinia, and (3) staphyvloecoccie pyoderma. These infections in the guinea 
pig are characterized by a fairly regular and predictable course. Since all of 
the infections were cutaneous, direct observation of an exact nature could be 
made, 

METHODS 
Experimental Ringworm Infection.—To produce experimental ringworm, the spores of 


chophyton mentagrophytes were rubbed into the searified skin of male, white guinea pigs 


‘ighing approximately 0.7 kilogram. In the normal pig an infection is produced which, 
fter an ineubation period of about six days, is characterized by a scaling, erusted, highly 
nflamed lesion. This reaction reaches its peak in about two weeks and con plete healing 
rdinarily occurs in about one month. Cutaneous sensitivity of the tuberculin type may be 


ited after the second week of infection by the intradermal injection of trichophytin, the 


aterial used being the undiluted filtrate Or 2, mentagrophytes The tests were recorded 1 
rtv-eight hours. After healing occurs, experimental reinfection results in lesions which 
ve a shorter incubation period and. which heal in about fifteen days. This shortened course 
interpreted as an immune response.7 

Twelve guinea pigs were given a daily subcutaneous injection of 5 mg. of cortisone 
ten days prior to inoculation. \ second group of six guinea pigs was given a similar 


ily dose beginning the day after inoculation. In a third group of six animals, the corti 


ie injections were inaugurated when the lesions reached climax. Six animals served as a 
ntrol group. Biopsies were done on the twentieth day after infection and again on the 


From the Department of Dermatology and Syphilology (Donald M. Pillsbury, Director), 
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fortieth day on animals which still had evidence of inflammation. Serapings of the skin were 
removed every three days for examination for fungus hyphae in the seales. These were 
stained by the periodic acid-Schiff technique.’ 

Reinfection of the first group Was earried out one week after the lesions had healed. 
The daily injections of cortisone were maintained throughout the entire course of the primary 
infection and the reinfection period. 
Erperimental Staphylococet Pyoderma.—To produce bacterial infection, each guinea 


ple was injected intradermally at two different sites with 0.10 e¢.c. of a twenty-four hour 


broth of a coaguiase-positive Micrococcus (Staphylococcus aureus). This strain was a strong 
i 

producer of alpha hemolysin. Similar inoculation at two sites was made on each of five con 

secutive days. This was done in an effort to induce sensitization. The experimental lesion 


vas well developed in twenty-four hours and consisted of an ervthematous indurated papule 


] ] o + ‘ ] ; « 
Chl lat Showed a Mmistiiter 4 CTO ( ae mplete PSO tie or irred 1 é ' 
‘h later showed a pustular and necrotic center. Complete 1 lution occurred in six days 
The antigens used to determine sensitivity were (1) a culture filtrate, (2) washed ground 
organisnis, and °? A vaecine Merthiolate killed 
Six guinea pigs received daily injection of 5 me. of cortisone for thirty days prion 
to the initial infecting dose. Six animals served as controls. 
Eaxrpe riomental Vaccinia. Experimental infections with vaccinia were produced by the 


intradermal injection of O.1 ml. of a virus suspension containing approxin ately 108 infectious 


inits per milliliter The details of preparation of this material have been described in a 
previous Communication.” The skin test antigen was prepared by subjecting a portion of 
he suspension to ultraviolet irradiation. This latter material was found to be free of viral 
\ \ te ont ( orioallantoi embrane of embrvonated egos 
\ group of six guinea pigs was started on a daily injection of 5 mg. of cortisone forty 
hit s } re e first inte ne dose of virus was given: the drug was continued at this 
el ( t hie expel ent All nimnis ere skin-tested forty | s er the infecting 
se ( virus Was @iven. All pigs were reinfeected with the same dosage of live virus fifteen 
vs after the beginning of the experiment. The entire group was retested as before ten days 
( The Se ‘ QO. s Starte \ eroup ot six guinea pigs wiht I did not receive 
Hanna. sary 4s controls 


RESULTS 


A. Ringworm Infections (Table 1.) —The animals in whieh the adminis 
tration of cortisone was started ten days before and twenty-four hours after the 
experimental inoculation showed a delaved ineubation period. In these latter 
wo groups the climax occurred about the twenty-third day as compared to the 
sixteenth day for the controls. The lesions, however, were similar in the control 


+ 


ind cortisone-treated groups in respect to inflammation and extent of infection, 

Some of the treated animals required eight weeks before healing took place. The 
verage healing time was fifty-five davs as compared to thirty-two days in the 
ontrol group. In the treated group the lesions remained at a maximum for 
out a month as compared to about a week for the controls. 

The biopsy material examined at twenty and forty days after infection 
illed to reveal sientifieant histopathologic differences between the treated and 
i@ control group. In the controls, fungi disappeared from the lesions on 
out the twenty-fifth day; whereas hyphae were still detectable in skin serap 
es of the treated animals until about the thirty-fifth day. 

The 2roup which received the first injection of cortisone at climax showed 
two-week prolongation of the healing time. 

The first trichophytin test done three weeks after infection showed reactions 


hich were essentially similar in the treated and untreated animals. The tri 
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chophytin test repeated in this group and a control group seventy-six days after 
infection revealed that the animals were still strongly positive to trichophytin. 
The reactivity of the treated and control animals was indistinguishable. 

As shown in Table I, the course of the lesions following reinfeetion again 
demonstrated a prolongation of the healing time in the treated animals; whereas 
the lesions of the control animals were completely healed by the twentieth day 
following reinfection, the treated animals required up to six weeks for complete 
resolution. The inflammatory reaction was more violent in the cortisone-treated 
animals. The trichophytin reaction elicited two weeks after reinfection was far 
more marked in the cortisone-treated animals, and an inflammatory papule was 
still present at the test site after a week. 

B. Vaccinia.—Results with the virus-infected animals are shown in Table 
If. The primary infection was more severe in the cortisone-treated animals and 
healing was slower. The skin tests one week after infection with an ultraviolet- 
killed suspension of virus organisms were more marked in the cortisone-treated 
pigs. These were of the delayed tubereulin type. 

There were marked differences in the treated and control groups following 
reinfection. The infections in both the treated and untreated groups developed 
more quickly than in the primary infection. The inflammatory response was far 
ereater in the cortisone-treated animals. These latter exhibited at forty-eight 
hours erythematous infiltrated zones with central necrosis averaging 4 ¢m. in 
diameter. The infections were approximately twice the size of those in the 
control animals. Healing was distinctly delayed in the treated group. 

Vaccinia skin tests performed as before, about a week after the reinfection 
esions had healed, again revealed a marked intensification of the response in 
the treated pigs. 

C. Bacterial Infections._-In general, the lesions were more severe in the 
‘ortisone-treated animals. There was a greater amount of induration, and 
healing, which normally took place about the sixth day, was slightly extended. 
Sensitivity tests on both the treated and control eroups were made on the fifth 
lay following the initial infection. The reactions were of the delayed tuberculin 
vpe and consisted of infiltrated erythematous zones 5 to 10 mm. in diameter. 
(he reactions in the treated and control groups were indistinguishable. The 
trongest reactions were obtained with the ground e¢ells, but even with this 
ntigen they were relatively weak. It was obvious that the animals were not 


trongly sensitized by the inoculation procedure used. 


DISCUSSION 


The results of the study using infectious agents belonging to three different 
asses of microorganisms were remarkably constant. Each of these infections 
as adversely affected by the administration of cortisone. In most instances, 
rticularly on reinfection, the damage to the host was accentuated and the 
sions were of a more severe character. 

It has been well established that cortisone delays the healing of artificially 
‘ited wounds by interfering with the roles played by the fibroblasts and 
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capillary endothelial cells in the healing process. This may possibly account 
for the protraction of the healing time in the experimental diseases observed in 
this study. On the other hand, cortisone may interfere with the phagocytic 
activity of the reticuloendothelial cells and in this way diminish host resistance. 

This explanation is not valid for dermatophy tosis since the funeus lives entirely 
in the dead stratum corneum and the host’s defense against the infection canno 
involve phagocytic cells. 

As yet, little has been published on the effeet of cortisone in other infectious 
diseases. Tuberculosis is made worse Few conclusions ¢an be drawn at this 
time since the theoretical and experimental evidence dealing with the role ot 
cortisone in immune processes is contradictory 
lly +] 


It is to be noted especla that there was no depression ot Cutaneous Sens] 


tivity to trichophytin and vacelnla durine tlhe administration Ol cortisone 


Sensitivity to these latter agents differs in this respect from the tubereulin re 
action and from other types of bacterial sensitivity which are definitely dimin 
ished hy cortisone. 

No eonelusions Call AY drawn Prom {| l; le QO? acter SC] IVI1\ re 
sented in this study heeause of the dimin itive ¢ eter o IS SeHSITIVIT 

SUMMARY 

(ruinea pigs were expermental ly 1] ect=s Wit Tricl pphiifton mlrentagd 
rophyte De vaccinia VIrUS. and Staphylococe (SS GUrewUs ‘ie e COuUurse Of These infec 
TIONS Was adversely influe need 1 the administration of cortison The se HSI 


tivity 1oO trichophyvtin and tO killed vaccinia Virus iff anim its rena red a] ePLrole 


1yy intection Was hol diminished hy eortisone 
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LABORATORY METHODS 


THE APPLICATION OF THE INTERNAL STANDARD FLAMES 
PHOTOMETER TO THE ANALYSIS OF BIOLOGIC MATERIAL 
Wittiam M. Wauniack, M.D... Mantcoum Hontumay, M.D., 
MARGARET CustMan, M.A., Boston, Mass., AND 


) 


J. RUSSELL ELKINTON, M.D.,** PHILADELPHIA, PA. 


[I Ie Purpose ot the present COMMUNIC: {10n is to relate a fou Vear experience 

in the analysis of many types of biologic material for sodium and potassium 
using the internal standard method of flame photometry as described by Berry, 
( happel, and Barnes. 

In the early models ot the flame photometer as deseribed 1y\ Lundeeardh? 
and by Barnes, Richardson, Berry, and Hood, a single photosensitive device 
was used to measure the intensity of color imparted to a gas flame as the liquid 
inknown was atomized and spraved into the flame. Solutions containing known 
concentrations of sodium and potassium were compared with unknowns and the 


concentration of the latter was determined in terms of the standard. This has 


Heel ealled the ‘absolute’? method Ol flame photometry. In the internal stand 
ard method of flame photometry a principle often employed in spectral analysis 


s used. The leht intensity of the unknown element is measured against the 


light intensity of a fixed amount of standard clement. The internal standard 
element and unknown are atomized simultaneously from a common. solution 
Lithium serves as the best internal standard for sodium and potassium. The 
Instrument becomes, in effect, a ratio measuring device. When light intensity 


ratios rather than absolute light intensities are measured by this method, standard 


solutions must still be used but disturbine 


effects due to fluetuation of operation 
it the atomizer-burner system and to the presence of ions foreign to that deter- 


mined are greatly minimized. The internal standard and unknown wave lengths 


vo 
ire isolated by means of optical filters in a dual optical system and each beam 
S foeused Oll a photoelectric cell, The photoelectric eurrents produced by the 
mitted light of the unknown and internal standard elements oppose each other 


through a galvanometer. By means of a potentiometer in this circuit the oppos 
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ing photoelectric currents can be balanced. The readings of the potentiometer 


required to produce balance are calibrated in terms of known solutions of sodium 
or potassium. The calibration curves so obtained are used for measurement of 
the unknown. 

A number of papers have appeared describing the application of the 
absolute method of flame photometry to biologic material.*’ These have estab- 
lished the essential validity of the method by comparison with accepted chemical 
procedures ror sodium and potassium determin ition. They have also stressed 
the problem of inaccuracy of result that may be caused by interfering substances 
in certain tvpes of material, particulars tissue ashes. The necessit Vv for com 
pounding reference standards to approximate the composition of the unknown 
has been pointed out. The use of the internal standard method reduces, 


to a large degree, the problem of interference 


[ETHODS 


The Instrument and Its Use. e instruments were used to obtain the data to 
presented here. The greater part of thi terminations were ade using the instrument con 
structed in the laboratory ror thie appl ations needed, Phi remainaer were Hace using 
two Barclay flame photometers, t techmically prove HI more versatile commercial 


model of the original instrument 


The photometer is barrier ver ce erated, requiring no external source of current 
The measuring circuits used ve beer es bed pre dusly ‘| instrument may be oper 
ated by either the absolute or internal standard methods. \ oli sensitivity, box type of 
galvanometer is used as an indicator Isolation of the specifie wave lengths of sodium, potas 
sium, and lithium is accomplished by glass and liquid combination filters with transmission 
maxima at 5,700 A, 7,800 A, and 6,701 a The wave lengths { aleium, iron, and bariun 


will pass these filters. 


\ gravity feed type it ato er, constructe f <tnuinless steel needles, was 
used in this study.3.4 This type of atomize as ndopted after trial with many different 
types of svstems indicated that it was ft! st sutistactol for use in the hospital or metaboli 
laboratory where many operators must be trained t ise the instrument Other types of 
atomizers have been describe 1 t Ope t¢ e] presel nstruments The choice 
of atomizer-burner system may be dictated by the volume and pressure of the compressed 
air system available as well as the type and pressur f the available was. Adaptation to 
commercial illuminating gas is feesible provided its B.T.U. content is stable. \cetylene is 


not optimally applicable to sodium and potassium measurements. 
Certain difficulties have been encountered in the long-term use of the eiectrical cireuits in 
the instrument. The pl otocells used are subject to deterioration and consequent loss of sensi 


tivity. Sealing of the cells in their cases has largely obviated this lifticulty. \ second prob 


lem encountered has been drifting of the calibration curve when once established. This dif 
ficulty arises as a result of the development of faulty contacts in the circuits and indicates 
the need for servicing or replacement of switches or potentiometers in the instrument. 

The actual tec’ jue of operation by hoth the internal standard and absolute methods 
ias been described previously.! Detailed description is found in the manufacturer’s manual. 


Optimal operation of the instrument with regard to ease of use as well as accuracy of 


measurement cannot be had unless certain facts are continually kept in mind. Unlike econ 


ventional colorimetry, the light source used Ss “an extremely sensitive one and its quality 


and intensity are the resultant of many complex variables. The temperature of the air and 
gas supporting the flame, the efficiency of the atomizer, and the physical and chemical proper 
*We are indebted to Dr. Charles L. Fox, Jr of the College of Physicians and Surgeons 
Columbia University, for the design of the original instrument 
+Manufactured by the Barclay Instruments Division, Patent Button Company, Water 
bury, Conn. 
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ties of the solution being atomized all affect the accuracy of the measurement made. Con 
tamination of the room air by dust and smoke must be avoided. Optimal operation is had 
in a small room adequately exhausted. Continued operation in an unventilated area will 
result in air contamination by sodium, potassium, and lithium leading to shitting calibration 
curves. 

Since light intensity is proportional to concentration only when the number of molecules 
in the flame is relatively low, flame photometers must be operated at low light intensities and 
the solutions being atomized must be highly dilute. The hazard of working with such solutions 
from the point of view of accuracy as well as contamination is obvious. 

Each flame photometer of this type has certoin individual characteristics with which the 


operator must become familiar. Small changes in the setting of the atomizer or the pressure 


of air operating it may produce large changes in response. The photocells used from instru 
ment to instrument have somewhat different characteristics. Optimal operating conditions 


must be established by trial and error for each instrument. 


Nensitivityu and Error of the Method.—The degree of sensitivity and error of the instru 
{ y u 


ment can | 


e accurately defined only under specified conditions of operation. ‘The instrument 
is capable of detecting differences of 0.001 mM per liter of sodium and 0.002 mM per liter 
f potassium using the absolute and internal standard methods. The sensitivity for lithium 
is about 1/20 of that for sodium. When the instrument is operated at maximum levels of 
sensitivity the available analytic range is limited and operation is tedious because of the 
high sensitivity. For most biologic material it is necessary to work with very cumbersome 
lilutions if full sensitivity is used. The sensitivity and range of the internal standard method 
an be varied within certain limits by the use of a greater or lesser amount of lithium in the 
solutions being analyzed. With low lithium concentrations, thi sensitivity to sodium and po 
assium is high, resuiting in a narrow analytic range. Conversely, when the concentration of 
lithium is high, the sensitivity is low, and the analytic range wide. However, at very high con 
centrations of lithium the calibration curves are not sufficiently linear to be useful. 

Because of these considerations, we have found it advisable to reduce the electrical 
response of the sodium and potassium photocells to approximate equality with that of the 
lithium cell, This is done by introducing neutral density filters cut from partially fogged 


x-ray film into the filter holders of the instrument. 





observations to be reported were 


ade with instruments modified in this fashion so that a 1 mM per liter solution of sodium 


or potassium produced a galvanometer response equal to that produced | 


y a 15 mM per 
liter solution of lithium. Such an arrangement allows for the use of optimally stabilizing 
concentrations of lithium, the range of dilutions is 1 convenient one, and, except for serum, 
most material can be analyzed using the same dilution for sodium and potassium. The instru 
ment modified in this fashion is sensitive to 0.005 mM_ per liter over the entire range of 


e calibration curve. Obviously, error in terms of proportional parts of the undiluted solu 


tion will depend upon the degree of dilution of the sample. 

Interference of Other Ions in Biologic Material ¢ pon the Determination of Sodiwm and 
Potassium.—The problem of interference of ions foreign to the particular determination in 
hand is a complex one and has been studied previously in some detail.1, 11,12 Accurate evalua 


tion of interference must be determined for each individual instrument as well as each type 


f instrument. In Fig. 1 an analysis of the interference of potassium upon sodium in one of 
the instruments used is presented. The ranges of sodium and potassium studied were those 
encountered in the analysis of urine in dilutions of from 1:100 to 1:200. The error produced 
'y the absolute method is excessive for precise work. The maximum error indicated using 
he internal standard method in these analyses is 2 per cent. 

The errors shown in these curves can be obviated by compounding of the reference stand- 
rds. Consideration of the ranges encountered in urine from normal and pathologie subjects 
vill indicate the magnitude of the task if this were to be done. 

In Table I are presented analyses of gravimetrically prepared solutions of sodium and 


‘tassium chlorides in the presence of other ions as they occur in some biologie materials 
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TABLE J. ANALYSIS OF KNOWN SOLUTION OF SODIUM AND POTASSIUM IN THE PRESENCE OF 

INTERFERING IONS AT THE APPROXIMATE RATIOS FOUND IN BIOLOGIG MATERIAL IN A 1:100 

DILUTION, CONCENTRATION OF SODIUM AND POTASSIUM IN ALL SOLUTIONS WAs 0.500 mM/L. 

INTERNAL STANDARD ANALYSES WERE IN TRIPLICATE, ABSOLUTE ANALYSES CALCULATED FROM 
THE MEAN OF 10 INSTRUMENT READINGS 





CONCENTRATION CONCENTRATION 
FOUN sY NTERNAL i $ 38 JT 
CONCENTRATION FO bie peta I seas ABSOLUTI 
STANDARD METHOD 
OF INTERFERING ; HO! 
INTERFERING ION SIMULATED SODIUM POTASSIUM SODIUM POTASSIUM 
SUBSTANCE (mM/L, ) MATERIAL mM/L, mM/L. 
FeC] 0.1 Fe? Whole blood 0.502 0.500 0.514 
CaCO 0.6 Cat Cow’s milk 0.520 0.501 0.534 0.502 
Meso, 0.1 Meg Muscle 0.50] 0.500 0,504 0.498 
NH,H,PO, 1.2 HPO, srain 0,503 0.496 0.501 0.496 
H.SO, 1.0 SO, Tissue ash 0.502 0.500 0.472 0.468 
HCl] LO Cl Tissue ash 0.498 0.500 0.480 0.485 
HNO 1.0 NO Filtrate 0.504 0.500 0.485 0.475 


For the analysis of small samples of tissue, the filtrates described by Lowry and Hast 
ings can be used after appropriate dilution. For large quantities of material such as collee 
tions of stool or whole diets, the technique used below is satisfactory. 

The entire stool or duplicate diet from a given collection period is weighed. It is then 
homogenized using a Waring Blendor and the homogenate is transferred to a mixing cylinder 
and diluted to a known volume. Two to three cubie centimeters of caprylie alcohol are 
added to discharge the froth. The homogenates are pipetted using pipettes calibrated ‘‘to 
ontain.’’ An aliquot calculated to contain approximately 5 Gm. of the diet or stool is 
pipetted into a 250 ml. Erlenmeyer flask and 3 ml. of concentrated nitric acid are added. 
Che flask is then heated momentarily to the boiling point, cooled, and its contents are trans 
ferred quantitatively to a 100 ml. volumetric flask. The flask is then made to volume and 
its contents are filtered. \n aliquot of the filtrate corresponding to 0.5 to 1.0 Gm. of the 
‘riginal material is pipetted into a 100 ml. volumetric flask, the required amount of lithium 
added, the flask made up to volume, and the dilution analyzed in the photometer. 

Because of the high dilutions, even trace contamination of the filter paper will intro 
luce an error in the method. We have found it necessary to wash the papers used with 
N/20 nitrie acid. Even commercially prepared double-washed papers have presented this dif 
ficulty. 

RESULTS 

In Table II are shown results obtained by analysis of known quantities of 
sodium and potassium in the presence of chloride, phosphate, urea, and glucose. 
All reagents were of analytic grade. The solutions were compounded to simulate 
urine samples in which a low potassium was analyzed in the presence of a high 
sodium concentration and vice versa. <All analyses were single and done using 
the instrument operating with the sensitivity already noted. 

TABLE IT. ANALYSIS OF COMPOUNDED SOLUTIONS PREPARED GRAVIMETRICALLY. .ANALYTIC 


GRADE NACL AND KH.PO, WERE WEIGHED AND DISSOLVED IN A SOLUTION CONTAINING 5% 
GLUCOSE AND 5% UREA (BASE FREE) 


SODIUM SODIUM POTASSIUM POTASSIUM 
WEIGHED FOUND DIFFERENCI WEIGHED FOUND DIFFERENCE 
SOLUTION (mM/L. ) (mM/L. ) (mM ) (mM/L. ) (mM/L. ) | (mM ) 
| | 99 10.6 0.7 150.4 150.0 0.4 
9 19.6 50.4 0.8 100.0 100.0 0 
> 99.4 100.0 0.6 50.0 1 es" Lo 


148.5 | 148.5 | 0 | 10.0 10.0 0 
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INTERNAL STANDARD FLAME PHOTOMETER IN) BIOLOGI( ANALYSIS 
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In Table VI are presented the results obtained with a third instrument 
when applied to known solutions as well as serum and urine. The data in 
Table VI are sufficient in number to warrant statistical analysis. The per 
formance of the instrument in analyzing serum and urine (as presented in 
Table VI) was not checked against independent chemical analysis. However, 
the fact that the standard of deviation of the average of duplicates about the 
true value (o,) was almost identical for aqueous solutions and for serum analyses 
as well as the very small difference of the observed concentration from the 
theoretical concentration of the aqueous solutions (m) strongly suggest that 
the accuracy of the serum analyses is very close to that of the aqueous solutions. 
Additional indirect evidence on this point is found in the range of values for 
the serum concentration of sodium and potassium, as determined in a series of 
twenty-one normal subjects with this instrument. These were: for sodium, 
139 + 2.5, and for potassium, 4.00 + 0.83 mM per liter,'* and are almost identical 
with those of a similar series analyzed by chemical methods. 

From the data in Table VI it ean be concluded that the accuracy of the 
instrument in reproducing results is represented by the standard deviation ot 
the average of duplicates about the true value (oe and that the confidence 
limits for ninetVv-six out of hundred ar aly ses are twice this value For deter 
mination of sodium and potassium in serum, therefore, the confidence limits are 

1.5 per cent and +2.7 per eent respectively, or, in absolute terms, approxi 
mately +2.1 mM per liter for sodium and -0.11 mM _ per liter for potassium. In 
urine, because the concentration varies over a much wider range, o, is expressed 
only in absolute units. 

SUMMARY 


A simple, reliable, and sensitive flame photometer of the internal standard 
tvpe is described. 

The optimum conditions for securing accubate operation are considered 

The preparation of biologie material for analysis in the instrument. is 
deseribed. A rapid and accurate method for the analy sis of tissue, diet, and 
stool without ashing is deseribed 

Analytie results for a wide variety of biologic materials are presented 


The probable error of the method is discussed, 
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A SIMPLIFIED, ACCURATE METHOD FOR DETERMINING 
O. CONSUMPTION OF PATIENTS DURING 
CARDIAC CATHETERIZATION 
Henry A. ZIMMERMAN, M.D.* 

CLEVELAND, OHIO 


INCE the usual acceptable methods of determining oxygen consumption of 
5 patients by the Haldane or by the basal metabolism machine or by the 
modified micro-Seholander method are time consuming and technically difficult, 
the purpose of this paper is to describe the method of determining oxygen 
consumption by the use of a Pauling oxygen analyzer' and a gas meter.? This 
method, when checked against the Haldane method, gave accurate results and 
has now been in routine use for the last three years to determine O, consump 
tion in patients undergoing intracardiac catheterization. 

Inspired air is measured by the modified gas meter (lig. 1) which has a 
dial divided into 100 parts. A total r volution of the indicator around the dial 
indicates a volume of 4,720 ©.e.; each division on the dial is equal to 47.2 eubic 
centimeters. A three-way valve is Incorporated into the Svstem So that the 
progress of the indicator may be stopped at the end of any period of time 
The accuracy of this meter, as a measuring device for gas volume, has been 
checked by the Ohio Gas and Illuminating Company and found to be correct 
within 1 1 10 ly, per cent of volume flow. 

A mask attached to a flap valve (Fig. 2) is placed upon the patient’s face 
The three-way valve on the gas meter is turned in the proper position so that 
the indicator is movine over the dial. When the indicator passes zero, a Stop 
watch is started. At the end of three minutes the three-way valve is turned si 
that the patient is no longer inspiring through the meter. The number ol 
revolutions is noted. The process is again repeated for a period of one o! 
more minutes. During the first three-minute period and also during the om 
minute period, a sample of expired air is collected in a Douglas bag. 

A Pauling oxygen analyzer (Fig. 3) with a seale of 110 mm. Hg to 160 
mim. Ho is used to determine the partial pressure ot a sample of room air. Thi 
sample is drawn through the analyzer by a small suction pump and a readin: 
of the partial pressure of ©. in millimeters He can be obtained at onee, Thi 
sample of expired air contained in the Douglas bag is then drawn through t! 
analyzer. The barometric pressure is noted. Then, with the use of the to 
lowing formula, the oxvgen consumption in cubie centimeters per minute 
determined. 

The parts for the assembly of this apparatus can be secured from the following mat 
facturers. Meter from the Arthur F. Thomas Co., West Washington Square, Philadelphia, P 
Flow meter from Fischer & Porter Co., Hatboro, Pa. Pauling oxygen analyzer from Arn 
O. Beckman Laboratories, South Pasadena, Calif. Pump from American Cytoscope Make 
Inc., New York, N. Y. Flap valve from Dann Manufacturing Co., Cleveland, Ohio. 


Received for publication, Nov. 20, 1950. 
*Now Director of the Cardio-Pulmonary Laboratory, Charity Hospital 


630 











> 


DETERMINATION 


OF 


O. 


CONSUMPTION 


DURING 


CARDIAC 


CATHETERIZATION 








ttle or 





no resistance is offered to the 


631 


Fig. 1.—A photograph of the gas meter showing the top and dial divided into 100 
sions: another dial on the front of the meter indicates the number of revolutions the 
dial has made. The three-way valve, with the control handle, is shown. This valve 
wws the meter to be cut and out of the circuit. The mask and flap valve are shown 
nected to the meter. 

- \ photograph of the flap valve. Clearances on this valve are kept at % in. so that 

patient when breathing through the meter and valve. 
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Oxygen partial pressure of room air - Oxygen partial pressure of expired ait 
3arometric pressure 
Inspired volume in cubic centimeters per minute Oxygen consumption 
in cubic centimeters per minute. 


For example: ©, partial pressure room ail 160 mm. Hg 
O, partial pressure expired ait 130 mm. Hg 
Barometric pressure 760 mm. He 
Inspired volume 0,000 @.e./min, 


160-130 


760 


5,000 197 @.e./min, 





Fig. 3.—A photograph of the Pauling O2 analyzer and pump assembly. The Dryrite dri 
the gas before it goes through the analyzer. The glass tube on the right is a flow mete 
Which measures the rate of flow of gas through the meter in cubic centimeters per minute 
By means of a bulldog clamp located on the rubber at the bottom of the flow meter, tl 


flow rate of gas through the analyzer can be regulated, and is usually set at 75 ¢.c. pe 
minute, \ glass flask to act as a cushion to conipensate for surges in the line .pressure 
superimposed between the pump and analyzer. The vacuum on the pump is set by means 


a needle valve, and is so regulated that the minimum amount of vacuum is. provided. 


Subjective measurements as to the resistance of flow through this syste 
were carried out by having patients and members of our staff breathe alternate! 
through a standard B.M.R. machine and then through the eas meter and valy 
as described in the foregoing text. Neither the patients ov staff members coul 
detect any difference in resistance, as measured by freedom of breathing throue 
the two systems. 

This method has the advantages of being rapid, accurate, and easy 


operation. The apparatus is not cumbersome; it is portable, and it is simp 
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to operate. In addition, respiratory function tests such as maximal breathing 
capacities and vital capacities can be done with the meter. 
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A TYPING STUDY OF ONE HUNDRED FIFTY THOUSAND BLOODS 
Ropert A, MacCreapy, M.D.,* anp Martin C. Manin, A.B.** 
Boston, Mass. 

D' RING the past four vears, the Bacteriological Laboratory of the Massa 

chusetts Department of Public Health has Rh typed, and in most cases blood 
grouped, some one hundred fifty thousand bloods. About two-fifths of the 
bloods were required prenatal Wassermann specimens, for which physicians had 
requested Rh tvping and blood erouping in addition to the serologic test for 
syphilis. The other three-fifths of the bloods were received for check typing 
from the mobile bank bleeding units. These units were operated by the Common- 
wealth of Massachusetts Department of Public Health prior to March, 1948, and 
since then have been operated by the American Red Cross Massachusetts Regional 
Blood Center. Beeause of the laree size of the total series to date, it is felt that 
publication of the results of classification will be of interest. 

Our svstem ot checking and double checking the results of all blood tests, 
though now slightly modified, has already been discussed by one of us’ in a paper 
describing the first ten months of the program, and including a tabulation of the 
first nineteen thousand bloods of the present series. In brief, bloods were Rh 
UN ped by both tube and slide test? methods, with the tube test read independent 
ly by at least two laboratory workers. The bloods also were ABO grouped by the 
tube method, again read independently by two workers. In addition, donor 
bloods were ABO grouped in the field by the slide method, and prenatal bloods 
are now “*proot-grouped”’ in the Laboratory. The proof-grouping consists of 
a check upon the regular test, using the patient’s serum and known A, and B 
cells, with the test read inde pendentl by at least two laboratory workers. 

Whenever a discrepancy occurred, exhaustive repeat tests were performed 
to discover the source of the error. Most of the discrepancies were due to slide 
tests incorrectly performed in the field, It was found that an Rh-negative 
blood was incorrectly classified Rh-positive more commonly than was an Rh 
positive blood w ronely labelled Rh-negative Anv unresolved discrepancies art 
excluded from the present tabulations. 

Tables I and II give the results, vear by vear, of blood bank and prenatal 
tvpings respectively, A portion ot these bloods represents repeat donations, but 
analysis shows that this repetition is statistically unimportant. For both ban! 
and prenatal bloods, the percentage of D-positive bloods has varied only slight 
from vear to year. The samples of bank bloods and prenatal bloods add up t 
a total of 150,064 bloods. Of this complete series, 83.3 per cent are D-positive 

From the Division of Communicable Diseases, Massachusetts Department of Public Healt) 

This study was supported in part by a research grant from the United States Publ 
Health Service and by a grant from the Blood Grouping Laboratory of Boston 

Received for publication, Nov. 11, 1950 


*Assistant Director. 
**Junior Bacteriologist 


§34 











TABLE [. 


DATE 
1946 
1947 
1948 
1949 
1950 
rotal 


*Until ta 


vith the 


TTABLI 


AUTHOR 
kobowicez 
and Bryee3 
laut and co 
workers4 


gall 


aut and co 
workers4 
sdall and 
Garland6é 
own and ¢o 
( vorkers7 
vine®> 

| sdall and 


Garland6é 


ntos 


and 
Stepto9 
rsters!' 








BLOOD 


TABLE II. 
DATI 
947 
Q48 
949 
Q50* 
rotal 
First six 


. 2 Ons 
nZure OL Ads. 


results of 


TYPING STUDY 


BANK RH 


TOTAL BLOODS 
Lote 
24 802 
28,548 
31,993 
5,099 
91,817 


ken over by 


PRENATAL RH 


20, 
12, 
58,247 


ind one-half 


3} per cen 


bly based on anti-D typing serum 





{ D)-positive of t] 
the first 


OF ONE HUNDRED 





lv too small to alter significantly the D-positive average tor the series. 


FIFTY 








THOUSAND BLOODS 


TYPINGS USING ANTI-D (ANTI-RH, OR ‘685%’’) TYPING SERUM 

D-POSITIVE Yo D-POSITIVE D-NEGATIVE To D-NEGATIVI 
bass 82.3 244 Lia 
20,599 83.1] 4,203 - 16.9 
23 809 83.4 1.739 16.6 
26,630 83.2 5,363 16.8 
4.246 83.3 853 16.7 
76.415 83.2 15,402 16.8 


Red Cross Center early in the year. 


The less than 1 per cent non-white individuals in the total series is mathematical 


» >) 


The 83.3 


per cent D-positive individuals of the grand series is therefore judged an accu 


rate figure for the white as well as for the total individuals in the group. 


TYPINGS TO DATE USING ANTI-D (ANTI-RH, oR ‘85% 
TYPING SERUM 

D-POSITIVI Go D-POSITIVE D-NEGATIVI % D-NEGATIVI 
6,455 82.9 1.330 Liat 
14,88] 3.0) 2 944 16.5 
16,898 83.7 3,299 16.3 
10,406 83.6 2,034 16.4 
18.640 83.5 9 607 16.5 


months, 


three authors 


It 


uublished series for comparable ethnic groups as shown in 


i 


also agrees with the 


It is interestine to compare the results of our Rh series with some of the 


Table IIT. 


(ur 


1 150.064 hloods t\ ped compares closely 


1 Table ILI], who used the anti-D 


typing serum alone (Jakobowiez and Bryce’s series published in 1944 is presum 


total of the eal 


III. Some PUBLISHED RH-POSITIVE AND RH-NEGATIVE PFRCENTAGES 
ORIGIN OF NUMBER IN OoRU O? RU SPECIFICITIES OF 
SERIES SERIES POSITIVE NEGATIVE TYPING SERUMS USED 
Australian 5.568 83.2 16.8 Not known 
whites 
English 2,944 84.0 16.0 \nti-D 
whites 
Utah 25,661 83.0 L7.0 Anti-D 
prenatals 
English 2,89 85.0 15.0 Anti-D, anti-C, and 
whites anti-E 
(merican PETA $$ 85.8 14.2 Anti-D and anti-CD 
whites 
Canadian 3,100 S4.4 15.6 Anti-D, anti-C, an 
whites anti-E 
American 264 95.5 LD Anti-CD 
Negroes 
American 283 90.1 9.9 Anti-D and anti-CD 
Negroes 
American 700 85.0 15.0 Anti-D 
Negroes 
American 200 93.3 6.7 Anti-D 


AY 
ITTONeS 
svwegroes 








636 MAC CREADY AND MANI 


culated frequencies by Fisher and Race 
Certainly the term ‘*85 per cent serum”? 


The next three series in Table II], whieh be 


present somewhat higher Rh-positive percentages, 
of the series E-positive bloods as well, rather than 
In 


t\ ped with 


included in the Rh-positive classification. 
the 
» 


ot 83.8 per cent 


bloods were further 


D-negative 


for bloods either C- or ID positive 


than the figures in these three series 


The last 


four series in Table IIT e1 he Rh-} 


variation in the percentages will be noted than in 


Our own figure is 93.8 per cent D-pesitive of a t 


- ] 
arg series aliak Sole 


whom are included in our | 


All the bank blood 


is, 


and most of the prenatal 


or anti-CD serums in addition to the anti-D typing. 


172 


Hositive 


centage ot some ot the published Se] ies of tests on Neeroe S 


< 
































N 


of 83.3 per cent for D-positive hloods 
for anti-D typing serum is an inaccu 


rate as well as an unscientific expression and should be increasingly abandoned 


ein with the paper of Plaut 


and co-workers, are composed of bloods subtyped with anti-C and anti-E serums 


As would be expected, thes 


since C-positive and in two 


[)-positive bloods alone, ar 
| 


ST bloods of our own serles, 


anti-CD serum. Our figure 


4 
| 


hus obtained is slightly less 


and Rh-negative pet 


A somewhat greate! 


the series of tests on whites 
ital ot 57S Neocroes. some oO 
ive from a separate study 


bioods. Were erouped as Wwe 


as Rh typed. Of a total of 120,281 bloods, 45.8 per cent are group O, 39.7 pet 

cent group A, 10.8 per cent group B, and 3.7 per cent group AB. There is ne 

significant variation in the Rh-positive percentages among the four groups 

Grateful acknowledgment is vide , \ ‘ S ‘ elve ‘ 

the Red Cross Regional Blood Center in Boston tn o iling ese results M 

Genevieve Stuart of the Wassermann [a \ n at rkers Ww erfornu 

the actual tests. 

REFERI 

l. MacCready, R. A., and MeGee, R. 17 Blood G Iping ar RR | ny State Pul 
Health Laboratory, Am. J. Pub. Hea 38: | 1948 

2. Diamond, L. K., and Abelson, N. M.: The Demonstretion \n Rh Age nil \ 
Accurate and Rapid Slide Test, J. 1 . & 4 y. MED. 39: 204, 1945. 

Jakobowiez, R., and Brvee, L. M.: T Rh Facet | ) Aspects, M. J. Au 

1: 477, 1944. 

1. Plaut, G., Barrow, M. L., and Abbott, J. M. The Results R ne Inves ion fi 
Rh Factor at the N. W. Londor Dey t, Bn | Fe ee 4 io, 1945 

). Argall, C. I.: A Public Health Rh Pi m St Wide Seale, Ag I, Pub. Heal 
39: 356, 1949. 

6. Tisdall, L. H., and Gatland, 1). M. | Ss Testing ) Rh-Negative Blo 
J. A. M. A. 129: 1079. 1945 

7. Chown, B., Peterson, R. F., Lewis, Marion, and Hal \nI On the ABO Gene and R 
Chromosome Distribution the White Populatior it Manitoba. Canad. J. Re 
search 27: 214, 1949. 

8. Levine, P.: On Human Anti-Rh Ser Their In ein Ra St s, Science 9 
152, 1942. 

9, Santos, P. M., and Stepto, R. | The Rh Factor in the Ame n Negro, Am. J. Obst 
Gvnec. 58: 579, 1949. 

10. Marsters, R. W.: The Occurrence of Ery stosis Fe s in Ame an Negroes 
LAB. & CLIN. MED. 35: 544, 1950. 

11. Fisher, R. A., and Race, R. R.: Rn Gene Frequencies in Br ill Nature 157 tS, 1O4¢ 




















THE ESTIMATION OF PROSTATIC PHOSPHATASE USING A 
MODIFIED KING-ARMSTRONG METHOD BY DETERMINING THE 
FORMALDEHYDE STABLE AND ALCOHOL LABILE FRACTION OF 
SERUM ACID PHOSPHATASE 
MiLGIn P. KINTNER, M.D.* 
LOUISVILLE, Ky. 


7. original King-Armstrone method of acid phosphatase determination® 
was designed to give the total aeid phosphatase circulating in the blood. 
llowever, over a period of vears the test has been found to be useful chiefly as a 
corroborative test for detecting prostatic malignaney and efforts have been made 
to modify the test to Increase its specificits ror detectine this disease. An ideal 
test would he highly sensitive for, and measure only, the circulating prostatic 
phosphatase, to the exclusion of acid phosphatases from other sources. These 
re alWays present, sometimes in annoving amounts. Herein outlined is a pro 
‘edure Incorporating the desirable features of these modifications with a diseus- 


slon ot 


its application during the past vear at the Veterans Administration Hos 
pital, Louisville, Ky. 

A widely accepted modification of the original Kine-Armstrong method was 
leveloped by Gutman and Gutman.’ First, monopheny! phosphate was found to 
ve acted upon by the phosphatase more rapidly than glycerophosphate and was 
substituted as the substrate of choice. Second, by substituting a citric aeid- 
‘itrate buffer svstem adjusted to a final pH of 4.9 for the acetie acid-acetate 
buffer, optimal speed of hvdrols sis and optimal exclusion of undesirable phos 
ihatase groups was obtained. 

The time of incubation was originally set at three hours, but one hour has 
een found satisfactory In fact, for all sera, the rate of hvdroly sis of the sub- 
trate is usually at a fairly high and constant rate for the first hour of ineuba 
on. After the first hour, however, the rate of hydroly sis varies widely from 

rum to serum, depending on the activity of the remaining phosphatase. Al- 
ough higher results are obtained by measuring only the first hour when the 
te of hydrolysis is relatively high, this time period was selected as being the 
ost constant and accurate representation of the phosphatase activity. 
Spontaneous hydrolysis of the substrate, monophenyvl phosphate, oceurs 
ring storage and at a faster rate during the incubation period. In order to 
duce this factor to the minimum during storage, Benotti? recommended sep 
ation of the buffer and the substrate and then combining them at the time 
the test. A substrate control incubated alone with the test is used to measure 


e effect of spontaneous hydrolysis during incubation. Benotti used a second 
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control containing the serum alone, but this is not only unnecessary but intro- 
duces some reagents into the controls twice and hence when subtracted from the 
test figure will lower the value out of proportion to the amount that is repre 
sented in the test. There is no perceptible hydrolysis by following the usual 
procedure of adding the serum to the incubated substrate control and imme 
diately stopping all action with the phenol reagent. As a safety feature against 
careless technique where the phenol reagent might not be added immediately, 
we recommend that routinely the serum be added to the control after the phenol 
reagent. 

Abul-Fadl and King? showed that all the acid phosphatase of red blood 
cell origin and some from other sources could be inactivated with the use of 
formaldehyde, without affecting prostatic phosphatase activity. Bensley’ recom 
mended the use of formaldehyde when hemols sIS Was present in the serum. We 
recommend that formaldehyde be used routinely since it will tend to cut down 
the phosphatase activity from nonprostatie sources without affecting prostatic 
phosphatase. This formaldehyde stable portion was found to have a normal 
activity of from 0.0 to 2.5 units as compared to the total acid phosphatase of 
1.0 to 4.0 units 

Spontaneous inactivation of prostatic phosphatase occurs rather rapidly 
at body temperature and at a slower rate at room temperature. Therefore if 
the specimen cannot be run promptly, the serum may be separated from the clot 
and then placed in a refrigerator for a period not to exceed four hours. A selee- 
tive inactivation of prostatic phosphatase with the use of 2/5 volume of 95 per 
eent ethv] alcohol Was deseribed by Herbert. By treating the formaldehyde 


L\ 


stable fraction with aleohol, an aleohol labile fraction can be determined by 
subtracting the value of the treated serum from the untreated. This alcohol 
labile fraction contains all of the prostatic phosphatase and some phosphatase 
from other sources. 


METHODS 


The following ts detailed description of the tests as used routinely. 
Reagents 
Substrate Dissolve 0.5 Gi lisodi pen POs} e im o Water, 
stopper, and keep refrigerated. Make tres! each two weeks 
2. Citrate Buffe pH 4.9): Dissolve 18.9 Gm. of pure crystalline citrie acid in 500 e.c. 
of water and add 1S! of normal NaOH and 100 ¢.c. of 1/10 normal HCl. Make up to 1 
liter and check the pli with suitable precy ie Kee] stoppered and refrigerated, 
Dilute Phenol Reagent: To 1 volume of Folin and Ciocalteau phenol reagent® add 
2 volumes of water. Prepare da ly and keep concentrated solution in a refrigerator. 
i. Sodiu Carbonate C.P.) Solution: Prepare a 20 per cent solution end keep aft 
room temperature 


1 


Formaldehyde Reagent: Prepare daily by placing 5 ¢.c. of 40 per cent formaldehyde 


t) and 1 drop of 1 per cent alcoholic solution of phenolphthalein in a grad 


analyte reagen | 


a t 
unted test tube. Add 0O.IN NaOH about 2 drops until a faint, permanent pink color is 
obtained and then dilute to 10 cubic cent:meters. 


6. Phenol Standard: <A stock solution® (keeps indefinitely) is diluted so that exactly 0.1] 


f phenol per cubic centimeter is in solution. Keeps months in diluted form.) 


my. Ol 








Alcohol-Treated 


of 95 per cent ethyl alcohol. 





PHOSPHATASE 


test serum in a test tube and add 


Stopper, mix, and allow to stand at room temperature 


and take 0.75 ecubie centimeter. 


thirty minutes. 


Iinally, add 0.1 ¢.e. of 


ALCOHOL-TREATED STANDARD 


buffer 


for maldehyde 


incubate 1 hr..Stopper, incubate 1] hi Stopper, incubate 1 


I phosphatase activity. 


will liberate from the specifies 


The units of phosphatase activity im LOO 


ontrol, divided 


Concentration 


\ photoelectric colorimeter may be employ 


Is satisfactory 


Vhen a standardized photoelectric colorimet 


opper and place all tubes in a water bath, 
mperature for twenty minutes. \ satisfactory 


an alternative: 


),/ ( wate! 
formaldehyde 
substrate 
ale. serun l «ce. standard 
0.1 me.) 
HT 
( 
phenol reagent, il. phenol reagent, 
¢ ') ¢ ( 


e.¢, sodium ear- Add 2.5 ¢.e. sodi 
onate carbonate 
th a 4 fo ve nutes place 


tandard is placed in ‘ o ‘ 
standard then equals ‘ etual wu 
) eld } LlOspi atase activity which 
solution (pH 4.9) 1.0 mg. of phenol 
of serum equals the milligrams 
MUS Lhe n illig 3s OF enol n 
yt ours of Vill ~ 
unknown (7.5 100 
iiard 12.5 Ce. serum 6/15 0.5 
ive 


le following precautions are tuken: 
e foregoing procedure Ss not stat 
ted in the same 3 nne \ tl te 
ther \ stable eolor st pe rodu 


n exactly the same wav that the standardization was carried 


the sodium carbonate as been add 
one hour, Remove and cool at room 


uniform pl wedure may be emploved 


as been added, stopper, place all tubes in 


delay in reading. ) 


tandards read against 


The instrument 








at room temperature for ten minutes. 


error mav be expected for each minute 


The instrument is calibrated by making varying concentration of phenol 


at 100 per cent transmission with 
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solution. 

4. Reading: The instrument is set at 660 mu o1 
range. The per cent transmission of control, test, and 
using the reagent blank at 100 per cent transmission. 


from a previously prepared calibration graph. The v: 


TABLE IIT. CASES OF NONPROSTATIC CARCLNOM 4 1 





S, stilbestrol therapy; O, orchiectomy 


use of a reagent blank. This is prepared in the same 


test and the aleohol-treated serum gives the total and 


phatase activity. The difference of these latter two figur 


m 


aleohol-treated specimens is determined, 
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Results. 

One hundred determinations of the for ldehyde s 
phatase were run on sera Trot patients who were cons 
of this group was 1.4 with variations from ( 95 
were performed on sera of patients for diagnostie p 
did not have prostati en noma, but s 
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of these patients had diseases of the skeletal system. With the use of the alcohol inactivation 


technique, there was a drop of 2.5 units or less in each instance except two. One patient 


had acute infectious hepatitis (4.4 to 0.3) and one had a malignant giant cell tumor of 
bone (5.0 to 0.5). However, these results did not add confusion in diagnosis since both 
were young men and showed no other signs of prostatic carcinoma. 

Twenty-five patients with carcinoma of the prostate were tested (Table III). About 


one-half had not been treated by any method while the other one-half were receiving some 


sort of antiandrogenic therapy. No difference was noted in the distribution of the phos 
phatase activity in the two groups. Thus nearly one-half of each group had activity of 
from 0.0 to 2.5 units. One-fourth of each group had activity from 2.5 to 9.0, and the re 
naining one-fourth had activity from 9.0 to 56.0 units. In every instance after alcohol 


treatment the drop in phosphatase activity was greater than 2.5 units if the original activity 


vas above the normal range. 


COMMENTS 


Although our experience with the determinations of the formaldehyde 
stable fraction and alcohol labile fraction shows that the respective inactivation 
is not as selective as the author of the method stated, they are very useful 
methods of estimating more accurately the amount of prostatic phosphatase in 
the circulating blood. The routine use of formaldehyde inactivation, although 
it does not give a true value of total acid phosphatase, gives lower values of 
nonprostatie phosphatase while the prostatic portion is unaffected. This tends 
to eliminate false high results with respect to prostatic malignaney and increases 
the differential between elevation due to prostatic phosphatase and that from 
other sources. It is for this reason, too, that we use the method routinely rather 
than with just hemolyvzed serum as Bensley® advocated. 

The use of alcohol does entirely inactivate prostatic phosphatase as Herbert 
reported and is therefore useful when a high formaldehyde stable portion is 
found. However, in agreement with Bensley and co-workers,* we have found 
hat alcohol inactivates a few other types of phosphatase so that larger drops in 
etivity in nonprostatic disease occur (up to 2.5 units) than Herbert found (up 
0 1.0 unit 

SUMMARY 


The Kine-Armstrone method ot aeid phosphatase determination Was modi- 
ed by incorporating a number of suggested improvements, published in the 
cent literature, designed to estimate more accurately the total prostatic phos- 
hatase present. A revised procedure is given in detail and the results of 400 
‘terminations are reviewed. In an effort to make the test more sensitive for 
rostatie phosphatase, formaldehyde inactivation was used routinely. This 
chnique, although not affecting prostatic phosphatase, reduces nonprostatic 
losphatase so that the average normal values by this method range from 0.0 

2.5 King-Armstrong units. The use of aleohol to inactivate prostatie phos- 
hatase (aleohol labile fraction) has heen found useful in estimating total 
rostatie phosphatase. With respect to phosphatase activity in the range of 
» to 9.0 units (doubtful for prostatic malignancy ), aleohol treatment of serum 
om nonprostatic malignancy rarely shows a drop in activity of more than 2.5 
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units, while from prostatic cancer the drop is more than 2.5 units and usually 
is sufficient to return the value to normal limits. Activity above 9.0 units is 


invariably due to prostatic carcinoma. 
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A MODIFICATION OF THE 2,4-DINITROPHENYLHYDRAZONE 
METHOD FOR DETERMINING TOTAL ACETONE 
AND KETONE BODIES 





ALENE BENNETT, B.S., L. G. May, M.D., Aanp RAYMOND GreGory, M.D. 
GALVESTON, TEXAS 


¥ ATTEMPTING to use Greenbere and Lester’s! micromethod for the de 


termination of total acetone and ketone bodies, it was found that known 
concentrations of acetone C.P. showed a variation of —4.4 to 42.5 me. per cent 
Table IT). This variability was such that it was impossible to use this method 


1 


for the determination of normal total ketones (0.56 to 1.2 mg. per cent) in blood. 


| iz ACETONE RECOVERED BEFO » A oO oO 1-1) I i} \ 
HY INE WI ( 0 PETRACHI ORID 

CETONE ADDED: 2.7 MG. % S.4 MG. % 16.6 MG. % 
ECOVERY 3 BEFORE AFTER BEFORE AFTER sEFORI AFTER 
Sample 1 0.0 2.80 S.YO S.40 4, 16.70 
9 YP) DG 8.20 8.30 16.10 16.64 
190 9 68 8.66 8.30 16.70 16.45 
{ SS 2 7 9 .4( § A ] OO 16.52 
Qe 9 7 RQ 1) g 27) 18 30) 16.52 

All values in milligrams | cent total tone 


regular Klett-Summer- 


By doubling the amount of whole blood (0.4 @.c¢ 
son colorimeter tubes may be substituted for the weak, inaccurately bored, 
sintered tubes recommended in the original method. 

The earbon tetrachloride extraction of acetone hvdrazone is best accom- 
lished by shaking the mixture in a 250 ¢.c. glass-stoppered Pyrex bottle in a 
tandard Kahn shaker at 275 oscillations per minute. 

In spite of adequate emulsification which was later recommended by Green 
erg and Lester,? known solutions of acetone gave similar variations. 

The most important modification of the original method is the purification 

2 4-dinitrophenylhydrazine (Eastman) which was done as follows: the 
lution of 0.1 per cent 2,4-dinitrophenylhydrazine in 2N hydroehlorie acid was 
aken with earbon tetrachloride in a ratio of 1:5 in a separatory funnel for 
e minutes and filtered through a No. 42 Whatman filter paper. 

The recovery of known amounts of acetone after this purification of 2/4 


nitrophenylhydrazine is excellent (Table 1] 
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RECOVERY AND ESTIMATION OF RADIOISOTOPES FROM 
BIOLOGIC MATERIALS 
Il. THE ELECTROPLATING APPARATUS. PROCEDURES FOR COPPER, SILVER, 
ZINC, MerRcurY, TRON, AND COBAL' 
RAYBURN W. Dunn, B.S... M.S. 


BERKELEY, CALIF. 


| ‘OLLOWING the work of Ross and Chapin,’ Hahn,’ and others® with radio 


active iron, a considerable number of procedures have been developed for 


the preparation of thin metallic films by means of electroplating. Inasmuch as 
particular interest has been shown in the 12-cell electroplating equipment which 
is currently being used in this laboratory, it seems advisable that the apparatus 
should be described in detail. In view of the large number of individual radio 
active samples which had to be prepared in ecarrving out our investigational 


work, purchase of several of the 22> OT $-ee]] units which are commerelally avall 


able was considered uneconomical. In consequence, a relatively inexpensive 


apparatus was constructed which would plate up to twelve samples simul 
taneously. 


Most of the work in this laboratory has been concerned with the recovery 


of cobalt* and iron.®® THlowever, procedures for additional elements have been 


worked out for use in activation analysis’ > and distribution studies,® and these 


are reported herewith. Methods of ashing samples prior to separation of the 


pure elements are to be reported elsewhere.’ 


MATERIALS AND METHODS 
Electroplating Apparatus.—The electrodeposition assembly which was previously d: 
scribed by me!! has been completely redesigned; individually speed-controlled anode stirrers 


have been eliminated, and separate anode-cathode current and voltage controls have been in 


corporated. Furthermore, a radically different anode has been devised. The electroplating cell, 


+7 


Fig. 1, has been modified to permit plating on either 1 in. or 114 in. diameter planchets. The 


] 


diameters of the plated areas are 154, in. and 114 in. respectively; either area may be plated 


on 1% in. planchets. As illustrated in Fig. 1, the adapter ring is in place for plating thi 
smaller area. With this ring removed, together with the 1 in. gasket and constricted glass cell 


a straight 1% in. 
illustrated in Fig. 3. 

Fig. 2 shows the complete apparatus and Fig. 3 one electrodeposition cell and, alongside 
one anode. A plywood frame supports the motor and brass tube. The electroplating cells res 

This work was supported by the Atomic Energy Commission. 
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and the Department of Physics, University of California 
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glass cylinder and gasket may be substituted for plating the larger area, as 





~~ 








RECOVERY AND ESTIMATION OF RADIOISOTOPES FROM BIOLOGIC MATERIALS 645 


on the box enclosing the electrical circuit. Twelve 114 in. holes are cut in the top of this box 
directly under the anodes when they are in the disengaged (left) position, in order to facilitate 
removal of the anodes for cleaning. A fan has been mounted at the back for venting such 
vases as ammonia, chlorine, cyanide, ete. Lucite doors have been provided for easy access to 
the electrolysis cells. 

The shaft and worm gears are housed in a 1 in, by 1 in. square brass tube, 56 in. long. 
Twelve brass blocks are spaced at 4 in. centers to hold the individual worm gears and anode 
collets and to serve as shaft bearings. An additional block is provided at each end of the 
shaft, and a roller bearing is incorporated at the motor end. The top and bottom, as well 
as the outward face of the square tube, are so cut that each of the twelve bearing blocks 

av be independently moved to engage or disengage the worm gear and the shaft worm. A 
set serew is attached to each in order to fix this position as desired. Fig. 4 shows the 


letails of the brass block and gear assembly. 


—— se -~TUNGSTEN ROD 








LUCITE TOP 


PLATINUM ANODE 
GLASS CELL 
RUBBER GASKET 








| 


- COPPER CATHODE DISK 
ADAPTER RING 


HINGE PIN 





CATHODE CONNECTOR 
LUCITE BASE 





rhe 4% H.P. fan motor, obtained from radar surplus, rated at 1,700 r.p.m., is con 
ted by means of a vacuum cleaner belt to the shaft in the ratio of 1 to 1. The HQSH 
(IS gear ratio is 5:1. The resulting anode rotation is thus approximately 350 r.p.m. 

The collets shown in Fig. 4 are made from steel tubing, and are designed to take a 
n. diameter anode rod. As first used, the platinum anode was fixed in 4 mm. glass 
ing with collets of suitable diameter. These anodes were continually being broken and 
to be replaced. Since a sturdier type of anode was required, it was decided that the 
spiral of platinum wire (5 in. long by 0.052 in. diameter) could readily be welded to 
end of 1, in, diameter tungsten rod which had been countersunk 4, in. deep with a 
in. diameter counterdrill. Chemical attack of the latter would be negligible. An 8 in. 
ot] 


of this rod was far less expensive than the cost of the previous glassblowing proce 
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dure plus provisions for anode electrical connections. Experience has now shown that the 
W-Pt anode, shown in Figs. 1 and 3, is ideal for use in this apparatus and for this type of 


work, 


The electrical circuit, Fig. 5, is of the conventional potentiometer type, measuring 
anode-cathode potential, and indicating one or more closed circuits by means of the pilot 
light. The power supply is 12 volts, using two 6 voit storage batteries in series. Current 
can be measured on either the 0 to 100 Ma. or the 0-1 amp. seale. The anode-cathode 
distance, and hence the resistance between them, can be varied from about 144 in. to 1% in. 


or more, as desired, 


Make collet for slip fit in gear and 
running fit in block. Stainless tubing 
with ends split, then rolled in to give 
Q spring grip on stirring rods. 


Obtain |" square brass tubing, 0.049" wall. 
Make dimensions A and B for sliding fit within tube. 







at 








| . 
_ i 
af 
a 









































+5¢ = Drill « 
4 7 ? 
—I¢t | - 
— te |! s, 
Py E — Boston geor HQSH 
eo ae 1. 
- 
° ‘ e 2 
“ = E he 
+5 + 5 & Boston geor Qi3i8, reamed to > 
© iis Drill and tap for 5-40 setscrew 
aS o|5 4¢ 
+ | + 
i6 
SS ae ‘is i 
<a 12 et \ @ R. or flat 
a T T - 19” 
| a —~ 4 — through ; 
a jg Counterbore % deep 
¢ < i 
‘ope . . — 03129 Ream for prass 
' " . 
it 4 rit 39 fit of bushing 
‘ (o3re)  o 31z8 Dia. Oilite bushing 
7 Drill 2 deep 0.378 
o 16 13 Drill through 
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ra This dimension not critical but must be exactly 
the same for all blocks 
Fig. 4. 
Four units, as already deseribed, were built for use in our laboratories. Two of these 


e seen continuous use for a period of about three years, and one of these two has had 


re use than the other three put together. The two units first referred to are still in 
ellent condition. The other two units had to be partially rebuilt. The critical factor 
their performance seems to be in the trueness of the brass tube. The latter should be 
ecked carefully before assembly. Over eight thousand electroplated samples have been 


pared with these units. 

Cathodes.— Three types of cathodes have been used with this apparatus, namely, copper, 
l-plated copper, and platinum. In general, the thickness of these planchets is 0.002 in., 
this is not critical; thicker planchets must be used in the 1 in. diameter size when samples 


prepared which are to be counted in Tracerlab’s Automatic Counter. 


Tracerlab, Inc., 130 High Street, Boston 10, Mass. 
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Although cathodes of other metals may sometimes be required, the ones listed will dé 
for nearly all routine work. If the cathode deposit is to be weighed, platinum planchets 
should be used; however, gold-plated copper may be substituted for platinum in such a case, 
provided that the electrolyte does not dissolve appreciable amounts of copper. Experience ir 
this laboratory has shown that the gold plate does not give perfect protection of the copper, 
but that under the usual conditions of use the copper attack will be small enough to alloy 


a satisfactory gravimetric determination of the electroplated film, if needed. 


\ , External binding post for 
| common anode connection 
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Kj 
In plating uranium as uranous fluoride or oxide it is customary to caleine the depos 
in order to convert it to U,Ox. Under these conditions, and also when it is necessary 
recover the deposit quantitatively and pure, platinum or gold should be used. 


All three types of cathode may be cleaned by immersion in the usual dichromate-sulfut 
acid cleaning solution, with the precaution that the copper and plated copper not be allow 
to remain in contact with this solution any longer than necessary. After removal of the exc 
cleaning solution, the planchets are rinsed with hot tap water as vigorously, rapidly, and ¢ 
pletely as possible. After being rinsed in distilled water, each planchet should be dipp 
in acetone and allowed to dry. An acetone dip should also be employed after electroplatiu 
The anodes should be cleaned in a similar fashion, although the acetone rinse is not 


sidered necessary. 
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twice with sodium hydroxide in a centrifuge cor The supernatant liquids are discarded and 
the precipitate is dissolved in minimum of concentrated hydrochloric d. The resulting 
solution is transferred directly to an el ‘troplate cell tal > mi. of plating solution 

hich is made p with 1 part f saturate oO 1 plus 5 parts of turated ammoniul 
ilate Plating is rried out at OLS amp (or I planchets) f¢ me to two hours 

Since the proce re out ed eS Hot ¢ I ey pt neipal onus I | interfere with 
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vacuum distillation with various reagents including potassium permanganate, sodium 
peroxide, chromic oxide, powdered chareoal, and enleium oxide 


Combustion of the sample 
vith oxygen over cupric 


step.1 \ double 


oxide has been eited as at vacuum 
listillation without chemical reagents unde 


r certain specified conditions, however, was 
found to afford adequate purification of serum, gastric juice, and spinal fluid. Urine con 
tains impurities not removable by this method 





¢ embled distillation apparatu ! hich twelve simultaneous purifications 
carried out, using two manife f the type n in Fig. < joined to a central vacuum 
I ! ! nometer . 

-urifiention Ss cCnrrie uit a Pyrex glassware distillation train, one unit of which 
shown in Fig. 1. Twelve such units are attached to two 6-outlet manifolds (Fig. 2) and 
elve such distillations are performed nult: OUSTY Kio, 3). Apiezon M grease is used 
eal all joints The sample, 1 ml. of which is intre ceed to the U tube, is first frozen 

mef immersion in a drv ice-aleohol mixture re ibout 0.5 ml. is vaeuum-distilled* to 
( I tube wl ie] Is Ithmersed it ary ee-nlcohe Ihe rreezing mixture 1s removed: dry 
s admited to the svstem; the sample is melted; the U tube is removed; and the in-tube 
mersed ! small beaker of water at about 3 ( Che final disti ition to the end 
( IS accomplished by mwerlng the pressure ve Te od of ve minutes to preclude 
ping, and the distil t¢ S lecte n the end-tube \\ lel S mil ersed In the ary 
ilecohol mixture. After evaporatio rf the liqu n the in-tube to drvness, dry “alr 
nitted slowly: the san ple l the end-tube is al ved to melt; and he end-tube is re 
ed and capped unt ready for anualvsis A dry ir intake is assured by incorporating 
ice-aleohe trap n the intake svsten | v | Glassware eaks are searched Pol 
dically with a high-frequency leak detector 
since SI I] 


nall amounts of 1 introduce a disproportionately large erro 
he densitv determination, it 


perative at glassware 
After each i! a 





ve serupulously clean and 
use, tubes are washed with warm tap water and distilled water and 

Cenco-Hypervac 20 oil pump 

rGround glass joints are 10/30 except for the t l 
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air. In-tubes are covered after use to exclude dust and fumes. End-tubes 
by removing grease with ether, washing with warm tap water and distilled 


drying in a vacuum desiccator. Weekly, grease is removed from joints with 


distillation glassware is placed in glass baking dishes and allowed to soak 


10 per cent Na,PO,. It is then rinsed in 10 per cent HNO,, washed with tap 


In Vacuo, 


FALLING DROP METHOD 


ns of a modification of the apparatus described bv others and shown in 
deuterium concentration of the purified water sample is measured by comparing 


all of a mensured drop of the sample with that of a standard solution at con 
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65cm k 
pees 
; : 1 the moat Keston micropipette used to introduce standard-sized 
} nT Thre Tt) flu t lu ‘ ] DI ne tubs 
stn temperature bath apparatust consists of a 2) n. bv 20 n. by 20 in. 
ith a stirrer, heating coil, eleetrie tan, mereury thermoregulator, electronic 
dropping tube, and outer jacket as diagrammed (Fig. 5). With this apparatus, 
Ire in the dropping tube can be kept constant to + 0.001 ( 
pipette; his, 6 Onsists of a mercury reservoir with a piston-serew ap 


1 mm. capillary tubing graduated at 7 mm. intervals as shown, Four such 


prise a drop of about 22 mm.® which is the volume found to be most prac 
pping tube with a | em. internal diameter, The volumetric precision of 


is + 0.05 vol. per cent, which has been found to be adequate for the deter 


a routine densimetric analysis, mercury is expressed to the tip of the pipette 


then dipped below the surface of the sample, The pipette is filled and the tip 


wiped off gently with filter paper before immersing just below the surface of the ortho 


lorotoluene in the dropping tube. One drop of the sample is then expressed and the tip 


pipette is lifted from the surface slowly, the drop being pulled off the tip by surface 
}1} ‘ I I Pp % 


Before each series of drops, a °* pre drop’? Is necessary to set the mercurv meniscus at 


Kkastman Kodak Co., Rochester, N. Y. The orthofluorotoluene is purified by fractional 
discarding small head and tail fractions, shaken with 0.2 per cent DeO in a 
funnel, separated, and filtered twice through fine filter paper. 

& Instruments, 60 Greenpoint Ave., Brooklyn 22, N. Y. 

Glass Co., Vineland, N. J., according to plans submitted by Dr. W. H. Campbell, 
niversity, Philadelphia, | 
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the graduated line and to assure absence of air from the tip of the pipette. Four drops 
may be released at fairly frequent intervals as alternate timing is accomplished with two 
electric timers. Individual dropping and timing has not been found to increase the pre 
cision. The mean of the dropping times of four drops between two fiducial lines 15 ¢m. 
apart in the center of the dropping tube is taken, The range of the dropping times 
the individual drops should not exceed 0.5 per cent of the meat 

We have found that interpolation between known deuterium standards gives greatet 


precision than referring the dropping time of an unknown to a cahbration curve, Aliquots 





of the standards are distilled with each set of unknowns and are dropped against the 
undistilled standard in order to correct the undistilled standard for densitv changes due 
to impurities. 

A new set of standards is prepared at three- to four-weel ntervals beeause the 
density of a D.O solution changes slowly with time. This is probably due to ! 
tamination and solution of solids from the glass walls of the containers. The star 
set consists of a linear series, graded at 0.05 volume pe ent over a range of 0. tn 
volume per eent D.O. Kor each Standard, the VOLS pel ent D.O is we ohed out to | l 
on a ehain balance, and diluted with triple distilled water to the mark in ea rated 10 
volumetric flasks. The temperature is recorded and the concentration Paainth ain 
is caleulated from the formula: 

G 9S { 
Volume per cent D,O q \ 
where G Weight in grams of the 99.8 per cent D.O ‘ 
vO etric flasl 
Ihe ens of DO thie t t 
\ The ealibrate \ ‘ ‘ ( ‘ 
flask corrected f the ens thie ‘ ‘ ‘ t 

For purposes of ealeulation the deute | ‘ j 
to the reciprocal of the aropping time, his 1s n essentiall e% relat ship tor 
centration differences of 0.05 volume per cent. e concentrat f 1.0 is tine 
interpolation and is ¢cnleulated from the for! 

x | 
where x Concentration of the unknow}) nv ime per cent DO 
Dropping time of unknown in seconds 
t Dropping time of lower standat n se 
i Dropping time of higher standard in seconds 
s Coneentration of lower standard in volume per cent D.O 
s’ = Coneentration of higher standard in ve me per cent D.O. 
ERRORS IN) PURIFICATION 

Since only about 0.5 ml. is distilled from’the sample of body fluid under investigatio1 
small amounts of contamination introduce a disproportionately large error in the densit 
determination. The importance of removing impurities is e1 zed by the results of ar 
experiment in which varying amounts of NaCl, urea, and were added to distille 
water and the dropping times of these solutions were compared with those of distille 
water. From Fig. 7 it can be seen that a concentration of these impurities of the order ot 
10-5 Gm. or ml. per 100 ml. will cause a n easurable alteration in the dropping time, 
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as shown to when the initial distillation was carried 


occur 


error was obviated by freezing the initial sample and dis 








tilling from the frozen state. No significant differences between the dropping times of the 
rst and last fractions of the distillate were observed when the distillation was carried 
it from the frozen state The second distillation from the liquid state was carried to 
ess to pre ude Tr! tionatior 
a 
* =. C] 
——* * 
> 
e 
“ THE T OF IMPURITIES 
YN mOPPING TIME 
e 
CONCENTRATION OF IMPURITY 
} | t I tie rt yppin t ] ! in lropping time increast 
! ! trator t! mpurity n nificant n concentrations of 
t ( T it 1 ite 
\ If H () ro ul vu Stiliat may be tl icenble 
~ ! le fe S he PiSSWilre eXposure it the frozen sample 
‘ ‘ ( t | e svst at the completion of a dis 
SS ( per CE <ture every elfo. s made to exelude 
! trot Ss S80 ‘ Other source error are dirty glassware, impure stop 
reise Ors | “k fusion from the vacuum pump. All these may be 
( prot lt ot Is of ret \ ech que 
RRORS IN THE FALLING DROP APPARATUS 
‘ stances the temper ! of the orthofluorotoluene is ritical factor in ob 
CCISt et » \ change of 0.001° C. will produce an alteration of 
l n the drop] yr time of the ample which at concentrations ef 0.150 
e per cent introduces an error of 0.0009 volume per cent. The outer jacket sur 
ding the droppin tube serves to flatten the peaks of temperature in the large bath 
erebyv mat ns the temperature of the inner tube more nearly constant for the 
Is of time re red Dirt on the surtace of the mercury thermoregulator and impropet 
witl he needle eleetrode will produce undesirable temperature fluctuations as 
bration url ind irked changes ino room temperature, although a constant 
perature room has not been found necessary, The stirring motor and fan are mounted 
vall brackets to minimize vibration from these sources. 
As pointed out by Cohns the volume of the drop is a significant factor in the pre 
m of the determination, An estimation of this faetor was made by measuring the 
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rates of fall of drops of 16.28 mm.3 and 21.70 mm. From these figures it was noted that 
with a 21.70 mm.% drop a volumetric change of 3.6 per cent or 0.78 mm. or 1 linear milli 
meter on the pipette scale will produce an alteration in the dropping time of 0.9 second. 
At concentrations of 0.2 volume per cent this introduces an err of 1.7 per cent for a 
time of fall of 100 seconds. 

Owing to the importance of volumetric precislor cleanliness of the pipette 1s 1n 
portant. This instrument is cleaned periodically with ether, K.Cr,O, el ¢ solution, tay 
water, and distilled water. The pipette is rinse etween runs with the sample to br 
analyzed in order to avoid an alteration in deuterit meentrat vy contamination fron 
the previous sample. 

The microconstrictior Levy pipette is bee eporte t e satisfac rv for i 
purpose.! since it is not adapted te the method tf alterna t Mat 30 ion nn 
unknowns, we have had no experience wit! S use 

ACCURACY AND REPRODUCIBILITY 

Fact rs W Tile I'¢ 7] erne ‘ ‘ t ‘ i ate 
method ine] 1¢ errors t t ‘ ¢ ‘ ‘ t } 
samples, purification, and densimet sis | ) ( ere 
in duplicate on the mass spe tromete i St et s ‘ ‘ 
cent DO in thirty-six of the sar es 0.24 | 
per cent D,.O. Analvti eprod e - 
measuring ten aliquots (a) of ¢ xy TD).O 

©) of normal serun he res S 
a standard deviatior f less than 1 yo ( S 
and 0.35 volume pet! ent I} | ( | IT] 
independent of distillatior s presente Phe ( 
standard deviation of 0.6 per cent of the men ! hese 
error is introduced during the list ul <Te] i the ! ( ( 
\ I | R ( ‘> ‘a 
NUMBER O W/ 
SAMPLES Y/ 
12 TWiyiy 
10 O39 } ; ” 
10) 6 ‘ 
Q (} >) te () Oi i4 
lf 234 { yy 
1{ 5 (4 (4 
10 0.348 | 0.37 
I ¢ erun b nt iY £ 1 t t t 
Stal ‘ 1 ! ee 4. x 
\ N 
TABLE LI Ri CI ) \ 
SAMPLI SEC, \ IARD ( [E &G ) 
73.41 79.65 0.1477 
73.53 79.62 0.1466 
73.99 79.92 0.1450 
73.96 SO.00 0.1457 - 
73.58 79.79 0.147 
73.66 79.85 0.1464 
Mean 0.1465 
S.D. 0.0009 
Coeff. Var. 0.61% ° 
Single sample run against the same bottled standard in yne iay 
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TABLE II]. REPRODUCIBILITY OF THE FALLING DROP APPARATUS” 


SAMPLE (SEC, STANDARD (SEC, VOLUME % D,O 
74.83 81.82 0.2010 
73.62 80.54 0.2021 
71.93 78.97 0.2025 
71.93 78.48 0.2019 
72.18 79.93 0.2016 
74.35 S109 0.2000 
78.0] 85.74 0.2017 
76.25 $2.87 0.2034 
19.1 82.97 0.2015 

Mean 0.2017 
S.D. 0.0009 
Coeff. Var. 0.45% 
Single imple ept bottled nd run gainst the same tandard at intervals over a one 


SUMMARY 


A method is presented for determining the deuterium oxide concentrations 
tn limi. samples of biologie liquids other than urine with a standard deviation 
if 0.0015 volume per cent at concentrations of 0.00 to 0.4 volume per cent. This 
method is based on a double vacuum distillation carried out without added re- 
igents and without change in glassware. The density is then measured by the 
falling drop apparatus and the unknown is caleulated by interpolation between 
known standards. Twelve samples may be purified and analyzed in five hours. 

This method is now used in this laboratory for the determination of total 


body water and for the study of the kineties of water transter 


‘he authors wish to emphasize their debt to the many workers in other laboratories 
ve contributed to the method of which this is a modification. 
he authors also acknowledge ther indebtedness to Mrs. Miriam Le Vine, Mrs. Judith 


as, amd Miss Carvl Magnus for invaluable technical assistance 


REFERENCES 

Schloerb, P. R., Friis-Hansen, B. J., Edelman, |. S., Solomon, A. K., and Moore, F. D.: 
The Measurement of Total Body Water in the Human Subject by Deuterium Oxide 
Dilution, J. Clin, Investigation 29: 1296, 1950, 

Barbour, H. G., and Hamilton, W. F.: 3lood Specific Gravity: Its Signifieanee and a 
New Method for Its Determination, Am. J. Physiol. 69: 654, 1924. 

Barbour, H. G., and Hamilton, W. F.: The Falling Drop Method for Determining 
Specific Gravity, J. Biol. Chem. 69: 625, 1926. 

Voet. E.. and Hamilton, W. F. Determination of the Concentration of ‘‘Heavy 
Water” by Means of the Falling Drop Method, Am, J. Physiol. 113: 135, 1935. 

Fenger-Eriksen, K., Krogh, A., and Ussing, H. H.: Micro-method for Accurate Deter 
mination of D,O in Water, Biochem. J. 30: 1264, 1936. 

Keston, A. S., Rittenberg, D., and Schoenheimer, R. J.: Determination of Deuterium 
in Organie Compounds, J. Biol. Chem. 122: 227, 1937. 

Metcher, E, S., Jr.: Modifications of Apparatus for Deuterium Oxide Determinations 
bv the Falling Drop, Indust. & Engin. Chem., Anal. Ed. 16: 412, 1944. 

Cohn, M.: The Falling Drop Method for the Determination of Deuterium; in Prepara 
tion and Measurement of lsotopic Tracers, Ann Arbor, Mich., 1946, J. W. Ed 
wards, pp. 91-99. 

Solomon, A. K., Edelman, I. S8., and Soloway, S.: The Use of the Mass Spectromete 
to Measure Deuterium in Body Fluids, .J, Clin. Investigation 29: 1311, 1950. 
Siri, W. E.: Isotopic Tracers and Nuclear Radiations, New York, 1949, MeGraw- Hill 
Book Company, Ine., p). 263. 


662 SCHLOERB, FRITIS-HANSEN, EDELMAN, SHELDON, AND MOORE 


11. Linderstrom-Lang, K., Jacobsen, O., and Johansen, G.: Measurement of the Deuteriun 
Content in Mixtures of H.O and D,O, Compt. rend, d. trav. du lab. Carlsberg, 
Série chim. 23: 17, 1938. ; 

12. Emelius, J. H., James, F. W., King, A., Pearson, T. G., Pureell, A. H., and Brisecol, 
H. V. A.: The Isotope Ratio in Hydrogen: A General Survey by Precise Density 
Comparisons Upon Water From Various Sources, J. Chem, Soe, 19384: 1207, 1934 

13. Chang, Tsing-Lien, and Tung, Lu-Ho: The Density of Heavy Water Between 25° ani 
100° €., Chinese J. Physies 7: 230, 1949. 

l4. Levy, M.: Studies on Enzymatie Histochemistry, ¢ 


berg, série chim, 21: 101, 1936. 

















METHOD FOR INCREASING THE YIELD OF COMPLEMENT-FIXIN¢ 
ANTIGENS OF CERTAIN NEUROTROPIC VIRUSES, AND THE 
USE OF NEWBORN MICE FOR THEIR PRODUCTION 
J. Casats, M.D., R. O. ANstow, D.V.M.,* anp G. SELZER, M.B., Cu.B.** 
New York, N. Y. 


|* A previous paper was deseribed a method of preparing antigens for ¢om- 
plement fixation with certain neurotropic viruses by extraction of the antigen 
vith acetone and ether.’ Brain tissue from mice 3 to + weeks old was used. 
Chis vielded an antigen acceptable in all respects, including a high titer. How- 
ver, In an effort to increase the titer of these antigens the use of newborn mice 
sa souree of material was explored. For it has been shown in this laboratory 
hat complement-fixing (CI) antigens ean be prepared by the use of newborn 
lice in the case of the Lansing strain of poliomyelitis virus and also for herpes 
ITUs. 

When the Japanese B (J. B.) virus was propagated in newborn mice, it 
as found that the infective titer as determined by titration in mice 3 weeks old 
as between 1 and 1.5 log units higher than that vielded by the same virus 
ropagated in 3-week-old mice. Thus in twenty-five titrations of J. B. virus 


x + Q7 


ropagated in mice 3 to 4 weeks old, a mean titer of 10°° was found. 
Qn the other hand, four different titrations of the same virus propagated in 
newborn mice vielded the following titers: 10°°*?, 10°%84, 10°°°°, and 10°°°° or 
eeometrie mean of 10°°°°. Similar results were obtained with St. Louis and 
Western equine encephalitis (W.E.E.) viruses. This increase in infective titer 
| to the belief that an antigen might be obtained having a titer higher than 


eretofore secured. This report shows that to be the ease. 


METHOD 


Newborn W-Swiss mice, aged 4 to 6 days, were inoculated intracerebrally with 0.02 ml. 


10-2 dilution of W.E.E. or J.B. virus and harvested thirty-four to forty-eight hours 
ter inoculation for the former, and four days later for the latter. The antigen was prepared 
the acetone-ether method, the quantity of diluent being 1 ml. of physiologic saline solution 

each gram of wet brain tissue. The supernatant was pipetted off and stored at —20° C., 
Merthiolate 1:10,000 in final concentration had been added. The sediment, which in 
past had been discarded, was resuspended in saline solution, the amount used being 
livalent to the amount of supernatant fluid obtained after centrifugation of the original 
suspension at 10,000 r.p.m. for one hour. The resuspended sediment was stored at 4° C. fon 
lve hours, centrifuged at 10,000 r.p.m. for one hour, the supernatant fluid was withdrawn, 
thiolate 1:10,000 in final concentration was added, and then the fluid was stored at 
cc. 
Immune serum was obtained from adult mice by inoculation of virus prepared from 


ected infant mouse brain. These adult mice were inoculated intraperitoneally on the first 
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and third days with 0.2 ml. of virus in dilution of 10-1 containing 0.5 per eent Formalin. 
*On the tenth, fifteenth, and twentieth days they received 0.5 ml. of aetive virus in the same 
dilution. The animals were bled for immune serun avs after the last injection. 

The complement fixation test was carried out the procedure already deseribed.! 
The tests for specificity and anticomplementary effect f these antigens were satisfactory 
The results of tests with the original supernatant fluid of W.E.E. virus and of the resuspended 


sediment are recorded in Table I. With the conditions of the test being the same, similar 


results were obtained witl ‘“ hox’’ 


TABLE I, 


SERUM 


Table I indicates clearly the iter f th "KLE. antigen Also the 
antigen prepared from the sediment obtained after removal of the supernatant 
fluid has a titer sufficiently high to be of value in complement fixation test 
for the diagnosis of humen or animal virus encephalitides Since this sedi 
mented material was discarded in the original method, an extra supply Ol 
specific CF antigen becomes available whieh is desirable since infant-mousé 


brains vield only small amounts 


SUMMARY 


The use of newborn mice for the preparation of complement-fixing antigens 
for certain neurotropic viruses shows that highly titered antigens can be 
tained with Western equine and with Japanese B encephalitis viruses, and also 
that the sediment can be re-extracted with physiologic saline solution to viel 


an added supply of antigen 
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